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INTRODUCTION 
The inception and development of the ideas embodied in 
this thesis arose from the need for expanded research in 
roughage evaluation and utilization. This need is a natural 
sequel to the current emphasis upon grassland farming and 
the resultant increased production of roughages, flowever, 
there has been much polemical and experimental controversy 
as to the most valid method of roughage evaluation for milk 
production. The alms of this research as originally proposed 
vjere to determine the relative efficacy of various feeding 
standards for roughage evaluation and to compare the pro­
ductivity of individual roughages as determined by a number 
of these standards. The goals were to be the achievement of 
a greater clarification of the problem and the movement to­
ward a unification of thought as to the best available method 
for roughage evaluation. 
The input-output implications of the proposed work 
aroused the interest of the agricultural economists at Iowa 
State College. It  was their conviction that such research, 
properly designed, could also provide the data required to 
test a number of hypotheses in milk production economics. 
In this manner.,  the objectives moved from the initial com­
paratively narro'w sphere of interest to those which eventually 
encompassed several related fields. The radical proposals of 
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the economist demanded the participation of the dairy nutrl-
tionlv9t, the animal breeder and the statistician in the 
experlniental planning in order to achieve the final experi-
ffiental design. After much deliberation, this design evolved 
as a unique blend of the adherence to the basic disciplines 
of each field ivith the necessary degree of compromise on the 
part of each in order to achieve a feasible and workable 
plan of experiraentation. The composite nature of the experi­
mental design transformed i t  from one of sinj>;le purpose to 
one of a broad pilot type which could be utilized to provide 
data of value for more than a single field of interest.  
The economic interpretations of the resultant data >;111 
be treated elsevmere and this thesis is confined to the 
analyses and Intei 'pretations stemming from the nutritional 
and physiological concepts. This manuscript has not attempted 
to exhaust the possibilities inherent in these versatile data, 
ior such treatment would be too extensive for a single thesis. 
As an adjunct to the final design, the digestibility 
studies using the chromic oxide teciinique ivere undertaken 
since the early experimental observations and results stressed 
the Importsnce of securing such data. In the planning of 
this additional work i t  was f,?lso realized that the structure 
of the experimental design could provide valuable informa­
tion relative to the pattern of chromic oxide excretion and 
this study was incorporated into the overall undertaking. 
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This research with i ts consicleration of the producing 
ability of the cow, the vsrious arbitrarily determined 
levels of feeding, the widely different hay to concentrate 
ratios, the digestibility trials and th.e chromic oxide excre­
tion pattern provided the data v. 'hioh v;ere approached in 
analyses frora the following Bain directions; 
1. The relationships among and the effects upon milk 
production of the initi&l producinp; ability of the 
GOV,',  the feeding level, the hay to concentrate ratio 
and the changes in body weight. 
2. The efficiency of milk production. 
3. The comparison and evaluation of feeding standards. 
4. The digestibility study using the chromic oxide 
technique. 
5. The excretion pattern of chromic oxide. 
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REVIEi^ OF LITERATURE 
This section will reviev) the three areas of reses-rch 
Kost relevant to the exposition and developnient of this 
thesis. These are: (1) the luse of various hay to concen­
trate ratios in dairy cattle e^xperiraentation, (2) the his­
tory and the current status of the feeding standards employed 
in this country, and (3) the nature and interpretation of 
the fecal excretion pattern of chromic oxide as this phenom­
enon is related to the determination of ration digestibility 
in ruminants. 
Hay to Concentrate Ratios in Ruminant Research 
A search of the literature has revealed a great paucity 
of data dealing with the nutritional, physiological, and 
input-output relationships in milk production as studied by 
means of rip^idly controlled hay to concsntrste substitution 
ratios. A rcviev; by Huffraan (31) has embraced the litera­
ture on levels of roughage feeding and on the feeding of 
roughages plus increasing amounts of concentrates and their 
subsequent effects on milk production. However, the attempt 
to feed to predetermined levels of milk production and to 
hold caloric intake constant at a given level while varying 
the proportions of hay and concentrates over a wide range 
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appears to be novel in the field of dniry husbandry experi­
mentation. This review must be confined to those reports 
which are on the fringe ;:recs of similarity or v:hich approach 
the method of experimentation undertaken in this study. 
Yates (Tt al .  (81) made a statistical study of all  the 
available Afiiericsn, British and Danish experimental data 
pertaining to the influence upon inilk production of changes 
in the level of feedin,:^- and in the proportion of bulky feeds, 
ihey found that increases in the level of reedlnfi,  to rates 
viell in excess of the conventional standards, ijere capable 
of giving substantial increases in milk production. Hot'jever 
at progressively higher rates of feed intake the physiologi­
cal efficiency of the conversion of feed to milk declined. 
The increase in the proportion of bulky feeds influenced 
production in two ways. First) the total energy intake was 
reduced ovinp^ to the inability of the cow to eat enough 
bulky feeds and secondly, the digestive efficiency was lower­
ed, so that the energy equivalent of a heavy ration contain­
ing a large proportion of bulky feeds was not accurately 
represented by i ts nominal feeding standard values. This 
work indicated thct there was a reduction of about 30 per 
cent in milk yield when only hay and silage were fed and of 
about 40 per cent when hay alone was fed. 
Jensen _et al- (40) designed an experiment to study the 
input-output relationships in milk production. These workers 
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sought to establish how much the average cow would react if 
the ration was reduced, below normal, how far production could 
be forced by feeding much above normal, and to what extent 
the lavj of diminishing returns would be niet if  the feeding 
levels were progressively increased. These workers found 
that 15 to 20 per cent more milk i-zas obtained from the cows 
at high levels of feeding than from cows fed to Haecker's 
standard, and 45 per cent wore than from cows fed at 70 to 
80 per cent of the standard. The lav of diminishing returns 
lias well exeniplified by tiie fact that for erch additional 
pound of diijestible nutrients at the lowest feeding level 
there was a response in production of 1.7 lb. of 4 per cent 
fat-corrected aiHi (FCM), while at the hlp;hest feeding level 
only 0.6 lb. was forthcoming. 
Gullbert and Gregory (26) raeasured the feed utilization 
of four gets of sires of 10 head of steer calves each. Tney 
fed a ration in vjhich the proportion of rou^^age to concen­
trate v.(as kept constant for all  lots as the animals canie on 
feed. Once on full feed {60 per cent concentrates), hay was 
i-iven in excess of consumption and the refusal weighed back. 
Vthsnsver the hay increased in any lot so that the hay to 
concentrate ratio becarae greater than 40:50, concentrates 
vera increased. Thus all  the aniniols could express their 
appetite and the reliance on judgment was minimized. By 
this method, differences ¥ere found in the groups of steers 
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as to their avera^^'e relative daily j;; ,ain. I t  appeared that 
v.lth refinaments of tecliriiques i t  would he possrole to dis-
tin^uiBh difi;5rsnces in feed utilisation, by gat of nire 
groups iiidspsnaently of potential body size. 
Keith _et (4o) atudiad the follo>iing concentrata to 
.-.dfalfa hay ratios 4:1, 5;l,  2:1, 1;1 and 1;3 with steer 
calves in order to determine 7/hich ratio yielded the uiost 
sconoiiiical returns. The feed required for each 100 I 'b. 
gain decreased from 9'5'1 lb. for the steer calves fed the 
conc -iitrate-hay ratio of 1:5, to 716 lb. for those fed the 
4:1 ratio. In worlc v/ith sheep, Phillips £t (67) studied 
the effects of three corn-alfali 'a hay rations on the digesti­
bility of tlie different nutrients of the ration fed in the 
following percentages: £5:75, 50:50 and 75:85. These data 
Indicated that the apparent digestibility of tli .e different 
nutrients and energy [generally increastjd as the pere,entage 
of corn in the ration increased- Non-Bignificant changes 
in dlj^estibility occurred vath crude protein betv/een the 
50 and 75 per cent corn levels and with crude fiber bet^-eon 
i;he ;^5 and 50 per cent corn levels. 
Lindsay and Archibald (52) compared a high roughage-
low grain ration versus a lot; roughage-high grain ration for 
two groups of nine covjs each over three lactation periods. 
The high and low roughage groups received P.4 and 4£ per cent 
of the total digestible nutrients (TDM) froK the grain 
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ration, respectively, while corn silege was fed at the rate 
of 35 11). per clay and hay was fed ad libitum. These v/orkers 
reported the advantages of tiie lov; roughration to be as 
follov/s; the tooal mil^ production was 14.4 per cent higher, 
tne total dry matter consuuption was hi^jher, tue condition 
of Che ai ' i iaals was aoro easily maintained, and the uilk pro­
duction ;;aG nialntained isore uniformly from year to year. 
hartin _et (57) made the closest approach to the work 
described in this tliesis. An experiinent yas desi^^ned to 
determine Wiiether or nut vax'yiiig the rates of hay feeding 
within normal l imits, while njaintainin-- s constant total 
digestible nutrient intake, had any effect on the level of 
niiiiv production and well being of the axdraals. Tv/enty lac-
tating Holsteins in two trials were fed alfalfa hay at levels 
of 0.50, 1.17, 1.83 and 2.50 lb. daily per 100 lb. of body 
. .eignt. Ali 'alfa hay v;as fed at the assigned level and was 
suppleraented by sufficient concentrate uiix to supply the TDK 
(from hay and conceiitratea) at 100 per cent of Morrison's 
reco.iiiiiended levels for uiilk production and inaintenance. No 
significant effects of level of hay feeding on body >• eight 
change were observed. ".:hen the TDll or the estimated net-
energy (EKS) were held constant, there were no significant 
effects of level of hay feeding on milk production. Tliey 
reported that the TDK and the EflE available for milk pro­
duction were both highly and similarly correlated and that 
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neither the TD^ nor the could definitely be said to be 
superior to the other as sn estirn;-:tor of the worth of a 
ration. However the ENS did sssm to be sojcevhat no re con­
sistent a.3 an estlastor of the if or tlx of s ration over g 
Klde ran^e of hay to concentrate r;:tiop.• 
Feeding L'tanderda; historical and Current Status 
During the past hundred years rr.fny g.tteiupts hrve been 
nic-de to devise feeding systems which "would enrble fgrmers 
tc compute rations for their- cfittle, containinr:; sufficient 
energy for tlie needs of liirlntenance end lactation. From 
theee attesi.pts hc-ve evolved the total digestible nutrient 
and the net-energy systems known and used in this country, 
aiid over vihich considerable issue hr.f been t&Ken r :s to 
Li J. ci jw i  ^ articul;;r i; .erito and faults. 
urouveri (25) loriiiulated the firat defi.nite feeding 
standard which v:aG expressed in ternis of crude proteinj fat 
and carbohydrates as irieasured bv chemical analysis. Volff 
(80) expressed the nutritive requirements of farn-; animals 
in terras of di^eBtible crude protein, fat and carbohydrrtes 
and the influence of this standard ptill  is currently recog­
nized- This sjsteia was criticixed by Kuhn (49) for i t  did 
not distinguish between aaintenance and production require-
meiits and i t  did not uiake alio varices for variations in the 
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uiilv; yield. Kuhn prouosad :• rseclin:- 3tand?.rfi -whicl:! provided 
separate allov/ancss i 'or mainteriGnce and for milk procuction 
which took iuto con^idsration the quantity of rallli  produced. 
Haocker (27) shov/ed thr.t  the nutritive requirements 
for lail^ production varied not only vdth the quantity, but 
sl3i> with the quality of the lailk aiid published s. digestible 
nutrient standard ejabracinj^ this idea. Tlie basis for this 
otandarxi v/as the avera^je result of seven -winter?, '  feeding 
toots on stancnioneu cj-ittlo wherein the rougbage usually wss 
fed to cover the aointeaaace rcquirsinents of the sniu&l and 
the concentrate iiiixture was fed to tlie production of milk. 
About this time, Savage (7£), in an appraisal of Haecker's 
standards, suijgested an increase of about £0 per cent in 
protein requirements and expressed his standard in terms of 
digestiole crude protein and total digestible nutrients. 
Jensen £t al.  (40) and Blanter (9) in a reviei; of this sub­
ject have concluded that the feeding eiandard based on IDK, 
Wiiicn has been used in the United otstes for the past 40 
years, has been devised largely froia the practical feeding 
experiments of Haecker. 
Kellner (43), by means of energy balance studies, deter-
iDined the terms on ynich food protein, fat and carbohydratec 
were converted into body fat and expressed the production 
values in terms of starch equivalents. Arnisby (o)^ with 
the same fundamental concepts as Kellner, first expressed 
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ali.  ux' tne factorB in tiie procesr? of utilization of feod by 
caotle iii  terms oT calorics and developed the point of vlev 
will oh has beoiiae knovvn as the net-energy (HS) system. Tjir? 
worker (4) formulated & feeding ptpji.^'srd for the milk cow 
iivhich «(X6 expressed in terxs of true protein snd NF. Since 
the direct deterMnation of KE values hr? been n;ade on 
ooiiipai-atively rew feeds, Morrison (55) developed an er.ti-
uiaiea net-energy feeding standard sjhich included n.of.t  of 
the coiaJX'nly usee, i 'eeds;.  iiccording- to KorriPon, h'lr Fl 'n 
value a fewe esticiuteu ac follot/s; (l) by trking into 
accouut cui;.parative results of feeding trials, (2) by using 
direct,  energy deteriainationa, (o) by using Fraps' (24) 
production enerj^y (ps) valuet5 and (4) by the application 
oi seme inteillgbut judgment rslrtive to feeding value of 
tne feeds. 
Meigs and Converse (60) critic!2,-3d the KS system 
statin^ tiiaii the qutinnities of Tjl '  nocessary to maintain 
dairy cows ia nutritive oquilibrium agreed well -;dth the 
Haeciver standard, tdtn nigh and lor fed covs, 17 nnd 15 
per cent more energy, respectively, was required for weight 
equilibrium than was allo'wed in the original nE standard. 
Meigs (59) concluded that the NIC values obtained undei'  the 
conditions of Ariiisoy's experiments -would ts inapplicgfcle 
under almoat all  practical conditions, and that the values 
for tne xDK of aairy feeds furnished a good ineasure of the 
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relative v;orth of th3se feeds c-s energy sources undsr prsc-
tiC5,l  condit ions.  
In p. reviti;:  of the -vsilrblLi: Hufriasii (31) i-rots 
th' . t  hay cured under ffvorcble conditioris exerted e, produc­
tive enei 'gy vslus compcreble to i t :  conttnt of TD!^. Huff-
mei'  ?,nd Duncan (32, 33, 34} reported thft cov-s fed spsciflc 
alL'alij ,  heys aloiie for sevsrol v;eeio 'aOto de^^leted of cei--
tf-ln ffiilii  stiiiiuls f EC tor( s) which v;ere prssent in other 
hr.ys or concentrctcs. In clisji^in^ from allfl-? hay -loni 
to rlfelfa hay plus cancsntrstsE on the tsois of scusl IDu, 
si£;niricpnt incroEses in milk production v;ere obtained. 
These -ivoriiers concluded that Esny heyg terc deficient in 
fectcr(s) which 'ivsre ccntricuted by the concentrates and 
v/hich were responsible for the Increased production. Dgvis 
and Ke;u:;:ersr (17), usin^ a sindlar procedure, reported t;h^;.t  
such fgators existed in dry .grapefruit pesl.  
Hufi 'man and Cuiicgui (35) and Huffasn _et (35) continued 
this uorh by feedixij^ alfalfa hay alons end by replacing a 
portion of the hay by nccrly equal asouncs of TDw in the form 
of corn ond peanut hulls. Ihis replECOiaent resulted in an 
increase of 4 p«r cent in FCM over ths hay fed controls, 
even taougii  the intsiu;!;  of TDIl,  calculated r35 said s tarch 
eouivalcii t  decreased and the crude f ioar in tha dry inattur 
and i:aliast incrcaGed. ihese results were offered as evi­
dence of some of tne in;perfections in ooth tne calculoted 
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NE and the starch equivalent concepts as scientific metl:iods 
of feed evaluation. Their conclusions indicated that the 
increase in the number of pounds of FCM per 100 lb. of TDK 
appeared to be a more acceptable measure of the balance and 
productivity of a ration and that the grain supplied the 
unidentified factor(s) needed by some hays for more effi­
cient iiiilk production. 
Jones and Smith (41) found a higher feed to milk con­
version efficiency v;hen cows were fed alfalfa hay plus a 
concentrate than when alfalfa ha,y was fed alone. Smith et 
al.  (75) observed the millt  production of cows subsisting on 
alfalfa hay and reported that the production value of the 
hay ration was overrated by the total digestible nutrient 
system. These workers substituted concentrates for alfalfa 
hay on the basis of equal TDN and were able to explain the 
increased milk production in terms of the greater NE intake 
contributed by the concentrates. The results indicated that 
the recalculation of the alfalfa hay on the NE system gave 
the hay ration a truer picture of i ts productive ability. 
Saarinen ^ al. (71) reported that cows on an all-
alfalfa hay ration produced about as expected on the basis 
of the calculated ME intake. Irvin e_t (37) fed hay and 
hay plus concentrates to observe the effect of these rations 
upon milk production. Four lots of hay vjere used and no 
marked increases were observed in milk production vjhich 
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could not be explained on an energy basis when part of the 
hay was replaced by either ground corn, cellulose mix, corn­
starch, cane sugar, distillers solubles or soybean oil meal 
on an equal energy basis. Their findings indicated that the 
actual milk production from an all-alfalfa hay ration was 
much closer to that expected on the basis of HE calculations 
than that expected on the basis of TDM calculations. These 
workers neither found a basis for the theory of lactational 
deficiencies in alfall 'a hay nor supported the theory of lac­
tational factor!s) In concentrates. They attributed the 
differences found by various Vvorkers to the particular 
system used in the evaluation of the feedstuffs. Addi-
tloaal studies supporting this point of vievi have been 
reportad by Davis _et ri .  (16) and by Slaxter (8). 
The relationship between TDN and the energy value of 
feeds has been studied by Moore et al- (64). When these 
vrarkers graphically plotted the ENE values of Morrison 
(65), the NE values of Forbes (21) and the PE values of 
Fraps (23) against the values for TDN, a definite linear 
relationship was apparent. They found that the KE values 
of feeds decreased at a faster rate than did the values 
for TDW. 
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Chromic Oxide In Ruminant Digestibility Studies 
A number of workers hs.V0 explored the possibility of 
including a knovn amount of a completely indigestible mate­
rial in the feed and, by determining i ts subsequent concen-
tration in the feces, allowing this material to serve as an 
index of digestibility of that feed. The use of chromic 
oxide 8.8 such an index of digestibility in cattle -was f irst 
proposed and extensively investigated by Edin (18). Other 
workers (1, 7, 14, 42) have used this method successfully 
in digestibility studies with cows under various conditions. 
Kane al.  (43), using producing cows, conducted the index 
and conventional methods of digestibility determination 
simultaneously and found no etatlstically significant dif­
ferences between the digestibility coefficients for all  the 
ration nutrients by the two methods. HoKever, there have 
been a number of reports vAlch described different patterns 
of excretion of the chromic oxide marker and the results 
have received varied interpret;:tions. A number of these 
reports are cited in this section and the diversity of 
thought on this subject stresses the need for a clarifica­
tion of the problem. 
The index or "ratio" technique of determining digesti­
bility permitted the conduction of digestion trials by tak­
ing fecal "grab" samples in place of the collection of the 
total fecal output. The collection of the proper number 
of daily fecal "grab" samples bee erne important, for Min 
(IB) demonstrated & dally periodicity in the excretion of 
the chromic oxide. In [general the nieximum excretion of 
chromic oxide occurred about 12 P.M., with a slo^v decline 
to about 6 P.M., at which time a rapid rise in the excretion 
rate was ffiajiiiested. To nullify the effect of the periodicity 
this worker suggested the collection of samples at 12-hour 
intervals which would include a high and low period of the 
chromic oxide excretion. 
Kane ^  al. (44) found that one fecal "grab" sample 
-was inadequate for the deteraination of di/^estibility. 
They studied the excretion rate of three cows and found 
that the chromic oxide content of tiie feces rose to the 
highest point around 9 A.M., decreased slowly until  around 
9 and slowly increased to a peak at 9 A.M. These data 
suggested that the variation v;ss not associated iidth the 
time of the ingestion of food but was instead a diurnal 
variation vLaich could be explained by certain physiological 
aspects oi ruminant digestion. B'or greater accuracy, these 
worlisrs proposed as had Edin (18) that fecal samples be 
taiven at l£-hour intervals, or at those hours when the 
variations of 'che chroinic oxide in the feces averaged to a 
mean value for the daily period. 
Lancaster et al- (50) administered chromic oxide twice 
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daily in capsules to grazing cows in order to study feces 
output aiid to measure feed intake. Total collections of 
feces vi- 'ere made and the recovery of chromic oxide vas com­
pared to that of representative samples taken at different 
times. They found that the mean concentration of chromic 
oxide in the night samples ivas about 12 per cent hif!:her 
than in the day samples- Coup (15), in very similar work, 
reported a mean difference of 15 per cent between, day and 
nii^'ht feces samples. B>om similar work on the determination 
or feed intake by grazing and hand fed steers, hoTft 'ever, 
Hardison and Held (30) concluded that the excretion of 
chromic oxide is not strictly diurnal in nature. These 
results were at variance to those reported by Kane et _al. 
(44) and Edin (16). They indicated that the excretion of 
chromic oxide may be Influenced by such factors as the uni­
formity and time of forage intake, the specific gravity of 
the chromic oxide, the time of administration, the manner 
in which chromic oxide is administered, the effects of 
water consumption, and factors affecting the motility of 
tne gastro-intestinal tract.  
In a study with 12 lactating cows divided into four 
treatment groups, Linkous ^  al. (53) administered, by gela­
tin capsule, a given quantity of chromic oxide in one daily 
portion or in two equal portions at varying times of day. 
From the nature of the chromic oxide excretion pattern, i t  
v/as Indicauecl thfrS. there uaa a relationship betirjeen feeding 
tiine and the indicator ooncentration in the feces. The most 
reliable estimate of total fecal dry matter outpu'c \ib.s 
obtained by coinyoi.mding samples taken 6 to 8 /•..II.  end 6 to 
8 P.M. This "jori: supported the resiiltc previuusly reported 
by ii 'ardison and Fieid (30). 
Maliaffey al.  (56) carried out a similsr investiga­
tion with steers. They studied the chroriiic oxide excretion 
pattern produced by feeding different roughages, by feeding 
the roughage in one or in an increasing nuaber of portions 
each day, and by adroinistering the chromic o:dde in four 
different forms- Under these conditions they reported that 
the lowest concentration of fecal chroniic oxide occurred at 
6 A.K. and the highest at 6 P.M., while the smallest rsnge 
of fecal chroffiic oxide was observed uhen the steers v:ere fed 
once daily • v;hen chromic oxide was given in pure fonr. or 
dried v;ith collodion the range of fecal concentration uaa 
smaller than v/hen i t  was riven ae a gelatin suspension or 
as a baked-flour paste laivced with grain. 
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EXPERIMENTAL 
Design of the Experiment 
liie Holstein herd at the Iov;a Stale College Dslry Farm, 
which has been coi/ipletely closed to outside sninials since 
1937, was tne source of the 35 co'»vs used in this work from 
Karen 195o to September 1954. Ihe descriptive data, includ-
inj;i  the degree of inbreeding, relative to these animelR are 
presented in Table 1. From the date of calving, each cow 
remained under experimental conditions for an initial 14-
day adjuatiiient period, a 50-dsy preliminary period and pn 
lci;o-Qay experimental period. 
The initial adjustment period provided time for the 
transfer of each aniriial rrom the maternity barn to a stan­
chion or cox stall in the easu or viest Viing of the main 
bar-ii  as is indicated in Table 1. This period also provided 
tlLie for the adjustment i;o full feed and for the adjustaent 
to the hay ^co concentrate ratio technique of feeding. A 
l ixed ratio of 7 lb. of hay to 4 lb. of concentrates v;as 
initiated during the adjustment period and was maintained 
lihroughout the preliminary period. This constant hay to 
CLuicen'crate ratio was laaintained, as the aniounts of these 
feeds viere carefully and progressively increased, in order 
to permit each aniraal to express i ts maximum consumption 
Ta'ble 1. Descriptive data relative to the experimental anim.ils 
Order 
on exp. Co'-
Birth Calving Previous 
flafce date lactations 
(no.) { mo .  yr.) (mo.yr.) (noo) 
1 3529 3-51 3-53 0 
2 3516 2-51 3-53 0 
3 2710 12-U5 3-53 
k  353^ U-51 4-53 • 0 
5  3266 7-.Uq U-53 1 
6 23 7f? 7-U3 l}_53 7 
7 2553 11-J+H 6-53 6 
2392 5-^3 6-53 7 
q 2159 2-^2 6-53 8 
10 26V3 5-1x5 7-53 5 
11 3302 11-Uq 7-53 1 
1 2  3^140 !?-50 g-53 1 
13 3160 11-US 3-53 2 
lU 2600 2-U5 9-53 6 
15 312« 9-53 3 
16 3l|U4 S-50 10-53 1 
17 3U69 11-50 10-53 1 
Ig 3^32 B-50 10-53 1 
19 317^ is-Us 10-53 2 
20 3263 7-ll.Q 10-53 2 
21 3291 9-U9 11-53 2 
22 29?;2 Q-li.7 11-53 3 
33 3 29 10-UQ 11-5^ 2 
gj.| 3157 10-Hs 11-53 3 
?5 2963 7-H7 11-53 !+ 
26 3^50 0-50 11-53 1 
Position on exo. Location 
Feeding H;C ratio Box 
1 evel Ability Hay Cone. Stan. stall Inhreeding 
(per cent) 
High Med. 35 65 6 
Med. Lo'.v 15 S5 • E 21 
High High 35 65 2 0 
High Low 15 35 E 9 M ed. Eigh 75 25 E 7 
M ed. High 35 65 6 
High High 75 25 U 
High Ked. 75 25 3 
Low Lovr 15 S5 JUi 
M eo .  ¥. ed. 35 65 s 
Low Lo J^ 75 25 7T1 s 
Med. Low 75 25 E 22 
High Lov 35 55 x'!i ly 
f'?ed« High 55 U5 H u 
Low Med. 35 65 B 10 
Hed. Ked. 55 )j zz E Q 
Med. Med. 75 25 E 6 
H ed- Low 35 65 V* g 
IiOl'T High 15 S5 6 
High i(OW 55 Us 22 
Lov/ High 55 U5 5 
High High 15 <^5 •;.r 
Low Low 55 U5 s 
High Hig^i 55 1+5 Xu 19 
L0',ir High 35 65 S 
Low 
•r — » 
Med .  ft* 75 1 C 25 eftz 6 c* 
ro 
o 

b 23 
7 2553 
2392 
q 2159 
10 2^U3 
11 330? 
12 3^2+0 
13 3160 
lU 2600 
15 312!? 
16 
17 3469 
ig 3^32 
19 317U 
20 3263 
21 3291 
22 2q^2 
23 329^1 
2^ 3157 
25 2963 
26 3U5O 
27 2GO6 
2^ 3^39 
2q 2976 
30 31H2 
31 3^'?3 
32 3^93 
33 3597 
3I+ 3632 
35 26^19 
36 3272 
6-53 
9-^3 6-53 
p-h2 6-53 
5-U5 7-53 
ll-Uq 7-53 
f,~50 S-53 
11-kg g-53 
2-^5 9-53 
«_Ug 9-53 
«-50 10-53 
17-50 10-53 
!5-50 10-53 
IP-UB 10-53 
7-Uq 10-53 
Q_Uq 11-53 
q-U7 11-53 
lO-iio 11-53 
lO-Ug 11-53 
7-U7 11-53 
q-50 11-53 
2-U5 11-53 
g-50 11-53 
!?-U? 11-53 
q-i+S 12-53 
12-50 12-53 
12-50 12-53 
q-51 12-53 
12-51 12-53 
6-U5 1-5^ 
S-h9 1-5^ 
f J-I 
6 Ki gh 
7 H3 gh 
S TjOW 
5 M efl .  
1 Lov/ 
1 Med. 
2 High 
6 Medo 
3 Low 
1 M ed. 
1 f-ied, 
1  Med. 
2 T.ow 
2 Hi.gli 
2 Low 
3 High 
? Loi.f 
3 High 
U lioi-j-
1 Lov; 
6 Lo''-' 
1 Low 
3 High 
3 Med. 
1 Lovf 
1 Ked. 
0 Med. 
0 High 
6 High 
2 Low 
wing of main oam 
West wing of main "barn 
High 75 25 >?• !+ 
Ked. 75 25 ^ 3 
Lov 15 85 ® 5 
Ked. 35 65 "A S 
Lov 75 
Low 75 
Lev 35 
High 55 
Med. 35 
Med. 55 
Med. 75 
Low 35 
High 15 
Low 55 
High 55 
High 15 
Lov/ 55 
Eigji 55 
High 35 
Med« 75 
Med. 15 
Low 35 
Hed. 15 
•High 15 
Med. 55 
Med. 15 
Low 55 
Low 75 
Medo 55 
High 75 
25 s 
£5 E 22 
55 -.ri AV. ly 
^5 T'T u 
65 E 10 
ii5 E Q 
25 E 6 
65 '.•J s 
55 s 
h5 22 
1 
h3 
1 
'55 '•7 
^5 s 
lf5 19 
65 w S 
25 K 6 
S5 Tt; g 
65 K lii 
555 10 
35 W 6 
U5 15 
S5 ¥ s 
1+5 V}' g 
25 VJ 13 
U5 ¥ U 
25 W S 
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capacity, provided the animal consumed both feeds with a 
ffiiniuium of vjeii^htiacks. 
The preliffiinsry period served the following three pur­
poses for the implementation of the experimental design: the 
starting point for recording feed inputs, the elimination 
01'  unsuitsl)le animals, and the division of the animals into 
hign, QiSdiLUii and low producing ability groups for their 
subsequent random allotment to the experimental period. 
The production of 4 per cent PCM during the preliminary 
piriod fcvas extrapolated to an eight-month lactation period, 
iiie iuiowledt^e of the production frequency distrioution of 
the Holsteiii  herd at the Iowa 3tate Ool.i.ege Dairy Farm be-
oaue the criterion for the classification of high, medium 
anu lovj abiilty auiiiials. In general,  the production ability 
ran^^es for cue aniinala in tenna of pounas of 4 per cent F'CM 
v. 'ere as follovvs; "high" -• 10,500' lb. end above, "medium" -
9,000 to 10,600 lb. and "lovr'  -  9,000 lb. and below. Inter-
liiediate ruiges of 10,600 to 11,000 lb.,  which could be 
det-igaated both as high and medium, and of 9,000 to 9,500 lb.,  
vihich could be designated both as medium and low, permitted 
reader fle^.ibility in the assignment of the animals to 
each ability level. 
ihe design for the eJiperimental period of 182 days is 
illustrated in Table 'c. D'our hay to concentrate ratios 
>;ere chosen, ranging from a ration in which 75 per cent of 
Tab: L8 2. ' Ih.e experi; •nental deei i^n 
Level of Hay to conce ntrate rstio 
feeding Ability H-7G:C-: I]-5o:C-45 H-35:C-C5 Pi­• 15:C-85 
(Cow no.) 
High 2553 3157 2710 2982 
Hi  ^ h Medium kisys 2649 3529 2976 
Low 3632 3263 3160 3538 
High xJcSo 260C 2o'?£ 3142 
Kediun Medium 3469 3444 2643 5493 
Loi'v 3440 55S? 343>: oolG 
High 3272 3291 2963 3174 
Low Medium 3450 3483 3126 2606 
Low 5302 3294 3439 2159 
the ener gy derived fr 'om hay end £5 per cent from concen-
urates, to one in which 1 5 per cent of the energy wa; B derivec 
froT. hay and 85 per cent from concentr? =tes. The four hay to 
concentrfite ratios vece &s follows; 75:25, 55;45, 35:65 and 
15:85. Each of theso hsy to coneentr&te ratios 7-as foci at a 
high, oiecliutii  raid lev; level of feeding. At sacn of the 12 
"hay to concentrate ratio-feeding level" positions tiiere were 
three cows, one of high, one of niefiium and one of low pro­
ducing ability. At the start of the experimental period 
each cow, after i ts assignment to sn ability grouj.. ,  vas 
randomly allotted to one of the I 'd "hay to concentrate 
ratio-feeding level" positions. 
The three arbitr,"riiy chosen "feeding levels" were based 
upon thet quantity of feed energy above body i;ialar,i:inance 
necessary to produce 13,000, 11,000 and 9,000 lb. of 4 yer 
cent FCM, respectively, over a 24-5-uay laotation period. 
The data compiled by Morrison (65) for the net-energy re--
o'Uirements for body raaintenance and for the productiori jf a 
pound of 4 per cent FCM were utilized in determining trie 
energy required at each "feedlnv; level". The energy require­
ment for body maintenance v;as determined from the avera^^?;© of 
the individual body weight measurementg for each cov taken 
over the two pre-experimental pcrioda. The kncvdedge of 
the average £43-day lactation curve of this Holr.tein herd 
wes utilised to deduct tbr-t portion of the feed ener,^-y for 
milk production at each "feeding level" attribiitpble to the 
two pre-experimental periods. The remainder of tbe feed 
energy for milic production, attributable to t.ae experiiental 
period, was divided into 26 decreasing weekly portions to 
parallel the declining lactation curve. This ieedini^ scheme 
is set forth in Table 3. V.ith the complete consumption of 
the feed offered, each cow', theoretically, would have re­
ceived an amount of feed energy required to produce 4 per 
cent FCM at a given "feeding level" for the c6-week 
Table 3. Fseding 3ch?-ie for the sxperisentsl period 
243-day Level of feeding 
"Ime period lactation Keaiua'^ 
(per cent) (lb-) 
60-day pre-
experiiiental 2?.32 
Experiaientfil  
in •weeks 
1 3.15 
£ 3.17 
3 3.10 
4 3.05 
5 3.07 
6 2.99 
7 3.03 
8 2.96 
« w A., 
10 £.94 
11 2.87 
12 2.64 
13 2.81 
14 2.79 
15 2.78 
16 2.73 
17 2.54 
18 2.65 
19 2.63 
20 2.59 
21 2•53 
/'.i. O-.J 
23 i:;»42 
24 2.37 
25 2.49 
26 2.63 
3£52 3005 2459 
(lb. milk/day) 
58.5 49.5 40.5 
68.9 49.8 40.B 
57.6 48.7 39.9 
55.6 47.9 39.2 
56.9 48.2 39.5 
55.6 47.0 38.4 
56.3 47.5 39.0 
55.0 46.5 38.1 
54.3 45.9 37.5 
54.6 46.2 37.8 
53.3 45.1 36.9 
52.7 44.S 36.5 
52.1 44.2 36.1 
51.9 43.8 35.9 
51.6 43.7 35.7 
50.7 42.9 35.1 
49.0 41.5 53.9 
49.2 41.6 34.1 
4!:>.9 41.3 33.8 
48.1 40.7 33.3 
47.0 39.8 32.5 
47.0 39.3 32.5 
44.9 38,0 31.1 
44.0 37.2 30.5 
46.2 39.1 32-0 
42.7 36.2 29.6 
fLevel to produce 13,000 lb. FCM (4;l) 
•^Level to produce 11,000 lb. FCM (4;&) 
"^Level to produce 9,000 lb. FCM (4)i) 
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experimental period. 
The .FiKE values for the feeds were determined according 
to Table, II  of the Appendix in Morrison's (65) Feeds and 
Feeding- The ENE value for the grain mixture remained at 
74.04 Therms per 100 lb. throughout the experiment. The EKE 
value for the hay was either 41.6 or 42.2 Therms per 100 lb. 
depending-upon i ts slightly changing nature. 
The actual method for the allottment to the experi-
luental period end for the feeding of a. co¥ (Ko. 2643) dur­
ing this period is outlined as follows; 
•' ( 
1. Cow No. 2643 was the tenth animal to go on the 
experimental period. 
2. Production first 56 days: Mil^ -  2,739 lb. 
Fat -  93.1 lb. 
3. Extrapolation to the 243-.day 4 per cent FCM, basis 
by the factor 3.929: 
Milk; 2;?39.0 lb. x 3.929 = 10,762.0 lb. 
Fat*. 93.1 lb. X 3.9£9 = 365.6 lb. 
FCM: (10,762)(.4) /  (365.8)(15) » 9,792.0 lb. 
4. On the basis of the 56-day production, cow No. 
2643 became the third animal in the medium produc­
ing ability group and was randomly allotted to the 
mediuni feeding level at the 35:65 ratio of hay to 
concentrates (Table 2). 
5. Ration calculation for the first week; 
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9 .29 Therms 
14.94 
24.23 
a- Maintenance requirement based 
on the average weight of the 
first 60 days -  1,558 lb. 
b. Level of feeding to produce 
49.5 lb. of 4 per cent FGM at 
0,3 Therms per lb-
c. Total ration 
Hay and concentrate calculation; 
a. Hay as 35 per cent of the 
ration energy 
EKE content of the hay: 
42.2 Therms per 100 lb. 
b. Concentrates as 65 per cent 
of the ration energy 
ENE content of the concen­
trates; 74.04 Therms per 
100 lb. 21.30 lb. 
The ration was recalculated each week- The main-
tenarice requirement was held con-stant, whereas the 
energy for aiilk production followed the scheme in 
Table 3. 
8.48 Therms 
20.10 lb. 
15.75 Therms 
Feeding and Management 
Throui^hout the e:<periment all  cows were fed the concen-
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trate mixture shown in Table 4. 
A constant quantity (5 grams) of trsce mineral mix­
ture was mixed daily with the concentrate ration of each cow. 
•-i-his laixture is shown in Table 5. 
Table 4. Composition of the concentrate mixture 
Ingredient Pounds 
(Jround yellov; corn (No. £) 400 
Rolled oats (unhulled) 500 
Wheat bran 200 
Soybean oil meal (solvent process) 200 
Linseed oil meal (solvent process) 100 
Steamed bonemeal 30 
Salt 15 
Table 5. Composition of the trace mineral mixture 
Ingredient Per cent 
MnS04 3.075 
Feo03 7.991 
GUSO4 0.638 
C0SO4 0.105 
ZnSOd 0.273 
KI 0.328 
C&CO J 27.240 
Carrier 60.350 
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Second cutting slfali 'a hay from the 1952 and 1953 
seasons was the prlrasry roughage fed. Small amounts of 
first cutting alfalfa hay and some alfalfa-red clover hay 
and alfalfa-bruinegrass hay mixtures formed the remainder of 
the roughage, when pure stands of alfalfa hay were unavail­
able. The hay was generally obtained in good color and con-
aition, primarily from Iowa State College farms and to a 
much smaller degree from privately owned lands within a 
30-raile radius of lows State College. 
'fhe concentrate raixture was fed in four equal portionp. 
daily, before and after the morning and evening milkings. 
Cows receiving small amounts of hay v?ere fed twice daily, 
while those receiving 20 or more pounds of hay were fed four 
times aaily, in order to maximize consumption, to minimise 
weii | i ;hbacks auid to minimi!-:,e \vaste. Vleighbacfcs of hay were 
characterizvid on a leafy, a stemmy and an as fed basis and 
refusals of concentrates vjere recorded, '" 'hen sickness, off-
feed condition or the radical nature of the ration neces­
sitated a Ghanf,e in feeding, the alteration v. 'henever feas­
ible conformed with the animal's particulr:r hay-concentrate 
ratio. Hi^h hay and hi^^i concentrate fed cows were adjusted 
gradually to their rations during the first week of the ex­
perimental period. Water was available at all  times and a 
salt block was available duriiig the daily exercise period. 
The cattle were milked twice daily at approximately 
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12~iiour intervals. The animals remained in their respective 
stanchions or box stalls at all  times except when they were 
in the milking parlor, wnen they were turned out daily be­
tween 1 and 3 P.M. to an exercise lot,  weather permitting, 
and when they were weighed at four-day intervals at 1 P.M. 
Appropriate measures were employed to minimize the stealing 
01 feed from mangers by the experimental animals during the 
periods when they were not at their particular locations. 
Records 
%e weight of the milk produced at each milking was 
recorded to a tenth of a pound. Milk samples for the weekly 
butterfat test for each cow were taken each Wednesday fr-om 
the mornintf, '  and evening milking. The milk samples for each 
cow were then composited and the butterfat content was deter­
mined .  
Ihe daily wei^j-hts of the concentrate mixture and the 
hay to be fed were recorded to a tenth of a pound. Feed 
refused was weighed oack in the same manner. The concen­
trate mixture was weighed into numbered 5~gallon pails and 
hung above each animal's manger- Ihe hay was weighed into 
numbered, large, wide-mouthed canvas bags capable of holding 
40 lb. of hay. I 'he bags were equipped with a t ightly closing 
drawstring which prevented loss and facilitated the handling 
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and feeding of the hay. 
The concentrate mixture 'was saiiipled daily 'by removing 
from the grain cart an aliquot portion (0.25 to 0.50 per 
cent) of the average daily total being fed during thr.t  parti 
cular period of the experiment. The daily saraple was con;-
posited for a tvjo- or a four-week period according to i ts 
Pi;^e. The composited sample pas thoroughly raiiied, and a 
sample therefrom was ground to pass a number 40 mesh screen 
in a Wiley Mill aaid was then fBubmitted for chemical analysis 
Tlae hay t\ias sampled daily by removing a small slice 
(3 to 4 lb.) of each bale fed. A weighed portion of each 
such slice vs.s used to make up the daily aliquot saaple 
(0.5 to l.Q per cent) from the total fed each day. '".Chis 
sample composited for a two-week period and ground to 
a homoj^eneouE mass in a hammer mill.  The ground hay was 
thoroughly mixed by shovel and subsequently was ha.ndled in 
the same manner as the concentrate mixture sample- The con­
centrate mixture and the hay samples were analyzed for the 
folloviing constituents: dry matter, ether extract,  crude 
fiber, ash and nitrogen-free extract.  These proximate ana­
lyses v^ere conducted by the Analytical Service Labor^itory 
of the Biochemical Section of the lovja State College Chem­
istry Department according to the methods described by the 
i i .  C ) .  A  •  0  .  (  0 ) .  
The proximate analyses of hay and concentrates (Tables 
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41 and 42 oT the ApiDencli.x) v;ere utilized to rieteralne the 
avera^'G aircrlent ooiLposition of the iTe'jdB vj.ilch each cow 
received over i ts particular time span on the preli;ninary 
aiid experiiDeutal periods as shown in Tables 43, 44, 45 gnd 
46 01' the Appendix. By this procedure, any VfTiability in 
the feeds for each co7; oyer tii;:e Tvaa dete.r.";ined • The^e 
vai ' iauicns were oiaall and the mean values i-. 'ero employed 
& guide in coraputiag the TDK from digestion coefficients in 
JiorriHon (65) and from those in Cchneider (73). The ENE 
content i/as deteradned by the closest fit  of the feeds user] 
to ti;ose presented in the ENF table in Morrison (65). Pro­
ductive energy, a modified !•!£ system, >;as deterir.:;ned acoord-
int_^, to the method of Fraps (23). 
All animals were weighed in ap,.roxini?,tely the r-iame 
order, starting at 1 P.M., every four days throughout the 
standardization, preliminary and experimental periods. The 
health, condition and physiological responses of the cattle 
to the various dietary regimes v.-ere noted froa day to day 
and all  observations of any apparent significnnce were re­
corded. Mastitis treatment, disease control work and thera­
peutic measures were carried out by inembers of the Veterinary 
l^^ivision of the low^ State College. 
Ditioatibillty Study 
D8Si?j;n of the experiment 
Dl{i5stifcility trials vcers carried out for each of the 
sniffials on the experiiLeiit .  The attempt wps isade to have 
each cow begin i ts digestibility triel approximately four 
months aftsr the start of the experimental period. He^vever, 
tr.e Initial lacn of siaterialp, tne digestive disturbances 
anionic some cows ano the necessary grouping of tne animals 
sli;^htly altered this goal. Ihe order, grouping and schedul­
ing of the cows on the digestibility trials are shown in 
Tabic 6. This study eovered a lO-day preliminary feeding 
period and a throe-day collection period, throughout v. 'hlch 
tuc amounts of hay and concentrate mixture for each cow were 
held as nearly constant as poijsible. Adjustments in feud­
ing for tills period of constant feed intake Vjerc ir.ade at 
the end of the digestibility trial-
1'he cnromlc oxide indicator method for the detenuination 
of digestibility was used in this study. It  has been estab­
lished that chromic oxide passes through the bovine digestive 
tract unabsorbed and that after a sufficient length of time 
(10 days) the daily intake of the indicator substance should 
equal the dally output in the feces. From tills knowledge 
the digestion coefficient of ainy component of the ration can 
Table 6. Uescrlptlve dats relative to the d.lgestibillty trials 
CJ-r o up 
Oraer 
on trial uow 
Prellmli'iary 
feeding period 
Col-lection 
period 
Time on experimental 
period at start of trial 
( n o  .  )  
I  1  5529 IO/22— 10/3; 
2 3516 li M 
3 2710 II H 
4 3 538 II M 
D 32S6 11 U 
6 2378 ii >i 
II 7 2553 11/£9— 12/ i 
8 ;i392 '1 
9 2159 >}  
I I I  10 264 3 1/11- 1/2^ 
11 3302 M li 
j-id 3440 il u 
IV 1.3 a 3160 2/15-• 2/;c' 
14 3128 n 
15 2500 tt  
V 16 3444 3/16- 3/2 
17 3469 n M 
18 3432 li n 
19 3174 11 M 
20 3263 h tt 
(days) ( m o  . )  ( t v k  -  )  
1-11/ 3/53 5 3 
it n 5 2 
it II' 5 i; 
:( ! |  5 0 
W H 4 2 
i\ ii 4 2 
9-12/11/53 4 1 
li il 4 1 
H rl 3 4 
21- 1/23/54 4 
1) H 4 1 (i H 3 3 
ic; 5— 2/27/64 4 3 
M {t 3 2 
K ii 3 3 
p 3/28/54 3 4 
il If 3 4 
li w 3 4 
ii n 3 3 
li i\ 3 0 
Cn 
^Postponement of diijestlbility trisl due to sickness 
Table 6. (Continued) 
Order Preliminary Collection Tifne on experimental 
Group on trial Gov; feeding period period period at start of tri; 
VI 
VII 
VIII 
( n o . )  ( d  a y  s ;  ( r a o  . )  (v.'k 
kli- 2982 4 /  5 - 4/14/54 4/15- 4/17/54 3 1 
23 3294 n  ii M  M  3 1 
£4 3157 M  I t  <1 W  3 1 
25 2963 11 n  I I  3 0 
26 3450 n I t  H  I t  3 0 
21^ 3291 01
 
1 5/13/54 5/14- 5/15/54 4 2  
2? 260 S H  t t  t l  I f  3 5 
28 3439 I t  I t  i f  i l  3 3 
29 2976 H  i t  i (  i i  o 3 
30 3142 5/31- 6/ 9/54 6/10- 6/12/54 4 0 
31 3483 (1 U  i t  I i  3 4 
32 3493 i i  H  t l  » l  3 3 
33 3597 i i  11 n  i t  3 3 
54 3632 U  I t  M  3 2 
35 2649 t i  I i  t t  H  3 0 
36 3272 U  1! t< I i  o  4 
^•i-'os tponeiueiit of digestibility tri?,l due to sickness 
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be calculated by meaJTiS of the follo^^ing forurula: 
Digestibility = 
100-100 GrgOs in feed ' j^/ 'per cent nutrient in feces'  
\psr cent CrgOs in feces/ \per cent nutrient in feed 
The total collection of feces is unnecessary v;lth the 
chromic oxide ratio technique, as the dig:er.tibility of nutri­
ents Oou be computed fro:?, selected portions of the feces. 
Durint: the three-day collection period nine fecal "grsb' '  
seniples vjere obtained from each covj. The collection schedule 
is shown in Table 7. The increased frequency of fecal col­
lections on the second day v/as undertaken to determine if 
Table 7. Schedule of fecal saniole collections 
Day of collection 
Time of collection 13 3 
5 A.M. X 
9 A-M- X X X 
1 P.M. X 
5 P.M. XXX 
9 P.M. X 
there was s periodicity in the nature of the chromic oxide 
excretion. 
Experiiflental procedures 
Ihe chromic oxide (Reagent Grade) was prepared for 
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feeding in tne following manner. Fifteen pounds of chromic 
OAide 'were gradually; blended into So lb. of flour until  a 
li .^ht .^,reen homogeneous mass vjas obtained. Fifteen-pound 
portions jf this mixture were made into a hard bread by 
vjett lUi;^ with 4.0 quarts of water, iriixing to a stiff dough in 
•i hobax't 30-1-uart mixer and bakiiig. I t  was found that the 
addition of leavening facilitated the subsequent baking and 
drying of the bread and was incorporated in the other batches. 
The dry bread v;as then ground to pass a 40-me3h screen in 
a iviiey lAill.  
liie ciiro.aic oxide-flour n:ixture ws.s incorporaced into 
a pre-raix v/ith tiis concentrate ffilxture in the following man-
nrjr- Thirty-three pounds of the clirouiic oxide-flour mixture 
^. ' /cre divided into three equal portions aa was 117 lb. of 
the concentrute mixture- Kach portion of the chroRiic oxide-
flour mixture and tiie conceiitrate aijcture was shoveled, sjid 
when each ccmbined portion vias thoroughly iiiixed, the three 
portions v.-ere combined and completely luixed• Ihls pre-inix 
ito.iv. o X«-'• I ' l i iUlc• t ' jd wj-iut eacn pouiio. O'-UiGai.nect approxiiuauOly 
15 •_,rair.s of ohroraic oxide. The prs-wix v;aG stored in a 
steel drviiii  auG, used as needed. 
Before e:,ch digestibility trial ana for each cow, 13 
1-1 b. portions of the prs-mix were v-/eighed into paper bags 
narked Viith the COYJ'  3  NUMBER .  Each day and for each cov;, 
t .]r::ughout the digestibility trial,  one paper bag of the 
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pre-mlx v/as completely mixed with the daily concentrate 
ration, from which 1 lb. had been deducted to allow for the 
pound of pre-fflix. The daily concentrate ration, containing 
the chromic oxide, was fed in four equal portions at ? A.M., 
4 P.M., 7 P.M., and 4 A.M. Ihree precautionary measures 
were taken to insure the complete consumption of the con­
centrate ration throughout the digestibility triBl: the 
concentrates were fed only by the student help or by the 
author, the mangers were cleared of all  hay before concen­
trate feeding took, place and the hay ivas fed or replaced in 
the manger only after the cows had consumed their concen­
trates. 
Records of hay and concentrate consumption during the 
digestibility study were kept in the manner previously 
described. Ihe sampling of the concentrates and of the hay 
for the proximate analyses was as follows. One per cent 
aliquots were taken of the total hay and concentrates fed 
for the last six days of the 13-day digestibility study. 
I 'he six-day samples of each feed were composited and then 
sampled and handled in the manner previously described. To 
minimize leaf shattering in hay sampling, the slice retained 
from each bale fed during the trial was placed over canvas 
and.shears were used to cut off that portion to make up the 
aliquot. One-half of any leaves which shattered during the 
cutting became part of the sample. 
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The fecal "grab" samples usually were obtained by 
rectal stimulation and v;ere received in shallow mstal pans. 
Three 250-grara portions of each sample v/ere immediately end 
directly weighed into polyethylene plastic 'bags, sealed 
with a rubber beaid end packed in an appropriately labeled 
quart cardboard container, \vithin 10 minutes after the 
collection, the samples were placed in a freezer and re­
mained in the frozen state until  analyzed. At the time 
of analysis, the frozen samples were allov;ed to thaw at 
room temperature. 
Analytical procedures 
The chromic oxide in the feces was deterfrdned by a 
modification of the method of Schurch and oo-v;orkers (74). 
A 20- to 25-grani sample of "wet feces in a 75 rnl. nickel cru­
cible Viias dried to constant weight for the dry matter deter­
mination, and then was ashed at 600 to 626'^ C- for eight 
hours. The ash was pulverized in the crucible v;ith a 
flange-tipped glass stirring rod. Approximately £ grams of 
granular sodium peroxide were added to and mixed with the 
ash. The mixture was fused over a B'isher burner to a dull 
red glow, until  all  the contents were fluid. Heating at a 
dull red glow w<as continued for five minutes after complete 
fluidity had been effected. The mixture was swirled 
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ocGaslonally to effect the solution of all  ash particles. 
After cooling for five minutes, the crucible was placed up­
right in a 600-ml. glass Oeaker and was half filled with 
cold distilled water. After five minutes the crucible was 
completely filled with hot distilled xvater and allowed to 
stand for another five to 10 minutes, ' ihe crucible was then 
thoroughly washed with hot distilled water into the beaker, 
ihe bealier was allowed to stand for 30 minutes and then was 
filtered into a :c50-ml. volumetric flask. After filtering',  
the beaker and residue on the filter paper were washed / 
with hot distilled water. I 'he volumetri/flask was made up 
to volume, stoppered, shaken and allowed to reach roore temp­
erature. Light transmission was measured with a Klett-
Suriifflerson colorimeter using a number 42 filter.  A calibra­
tion curve, for the purpose of determining the chromic oxide 
concentration in the feces, was outained by carrying known 
quantities of chromium ojcide through the entire procedure. 
Readings were converted to grajiis by using the table prepared 
from the calibration curve- Triplicate chromic oxide deter­
minations were made on each fecal sample. 
The nitrogen in the feeds and feces was determined as 
outlined in the official Kjeldahl method in the A.O.A.C. 
(5) with two minor modifications. These were ss follows: 
(1) 0.3 to 0.5 grams of cupric selenite replaced the copper 
sulfate in the digestion phase and (2) a 10 to 16 gram sample 
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of we I feces w&s weighed in a balance scoop and washed with 
distilled viater into the- Kjeldahl flask, so th;;t  no particles 
remained in Che neck of the flasli.  Nitrogen per cent \;ob con­
verted to protein per cent by multiplying by the factor 6.25. 
Duplicate nitrogen deteriiinatlons uere liiade on all  samples. 
i ' i ie ether extract in the feed and feces ivas oeterinined 
as follows. Approximrtely g-gram samples of feed ann 15- to 
20-grsm saaplc-s of wet feces were weighed into flat-bottomed 
alundun cups (20 80 mo-). The cai/iples v;ere dried for 36 
hou-: 'ra, weighed and placed in a Goldfisoh extractor. After 
and eight-hour extractioi: period with anhydrous diethyl ether, 
the solvent was evaporated for two hours and the cups were 
placed in a drj-ing oven for at leact two more hours. Ihe loss 
of weight from the cups was recorded as ether extract.  Trip­
licate ether extract determinations were made on ali  samples. 
The dry and ether-extracted feces samples were rercoved 
from the alundura cups by the manual use of a steel drill  bit 
approximately the same diameter as the alundura cup. The dry 
and ether-extracted feed and feces saiuples were ground and 
placed in tightly covered Jars for the subsequent crude fiber 
ueteriiiination, which were conducted as descriced by the A.Q.A.C. 
(5). Duplicate crude fiber determinations were made on all  
saiaplea. 
Analyses were re-run on any samples obviously in error. 
All the feed and feces analyses, with the exception of dry 
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matter, wore reported as per cent of the dry matter. 
Statistical Treatment ox" the Data 
; '3nedccor (77) adeciiAately clescrlbes all  of the statis­
tical analyses applied to the data. The techniques of ana­
lysis of variance, analycis of covcrlance and computation 
of correlation coefficients ivore applied to Uie data in 
order to inahe the necefjsary coaparison:;; and tests of sig­
nificance. 
RESULTS 
i 'he data created by this experiment hr-;ve been con'3idered 
from a number of aspects. Tiie -erieral finding's In the pre-
liuinary aiid sxpc-rimental periods hpve received initial 
attention for tliey largely previa;; the fi 'finievorlc upon uhioh 
subseyiviat results hs.ve been presented. It  is hoped that 
t i l l s  foric of presentation, has given clcrity and coheslveness 
to the results in this section. 
The Preliminary Period 
Detailed data on the feed consumption, milk production 
end body weight changcs of the 36 cov jg  for the preliminsry 
period ere given in Tables 47 through 51 of the Appencix. 
Forty-three cows began the prelirainery period, but for 
Vo .rioas valid resBons seven cowf .  were removed during this 
period or at an eorly phase of the experlEent^l period, 
'i 'he actusl 4 per cent produced during the 50-dGy pre­
liminary period and the total weight chsnjie during the 
initial 60 daye are presented in Table 8. 
In the rsndop-iination of the cowe of different productive 
abilitie.^; to their experimentsl positions, the attempt v;as 
raade to insure a distinct distribution in the productivity 
Oi the hlt^h, ciediua and low cov. 's within each of the 12 
Table 3. Milk production FCM) p.ncl toi;al >j0lp;ht change during the 
preliminary period 
Level 
of K-7 d : C - 2  5^ H -55;C-45 H-35:C-65 H-15; C-•fD O 
feed­
ing 
Abil­
ity C o w  prod . 
Weight 
change Cow i^rod . 
Weight 
change Cow Prod. 
V'ei gh t 
chsjie:e COTAJ i-'rod . 
Wei p±it 
change 
(lb.) ( lb •) (lb . ) ( lb.) 
High 2553 27 kO -192 3157 3198 23 2710 2796 - 71 2982 3270 - 77 
High ried . 259 a 2fcS0 - 57 2649 2351 - 72 3529 2243 - 19 2976 2757 - 6 
liOiv •36o£ kjl38 7 3233 2386 - 53 3160 1531 18 3538 2139 - 50 
hi •52GG 27 5o -1U3 2oOO 2854 - 3 2378 2637 -117 3142 3218 -127 
ked . M0(i • 34 69 22B6 - lo 3444- 2177 - 13 2 64 3 2310 -165 3493 2713 - 56 
Lo w o44vj 167V 43 3597 r-'',04 0 - 32 3432 1870 - 98 3516 2080 - 72 
i il gii >.5 ic '7 i-i 3161 -108 3 £91 2782 - 68 29 63 2954 23 3174 3365 - 83 
L.O \v Med. 34 oO 27 oO - 64 3483 2622 - 32 3128 2409 - 17 2606 28 63 - 63 
LOiV 330 18 60 - 81 3294 2246 9 3439 2443 18 2159 1846 -188 
^•Tiie hay to concen tre/i.e ratios to v.'hich the covj>s v;ere i-andomly allotted for the 
experimental period. I'hls representation of the ratios in employed in gubsequent 
ts bles. 
"hay to concentr-iitfci ratio-feeding level" po si  lion a. i 'his 
oriteriou was generally fulfilled v.dth ihe exception of 
Gov.'S ^649 and 5V6o and COWB 312£ and -3409, ruedium tind lo\o 
aollioy coks  at their respective positionB. However, there 
"was some overlapping of high, liiediuiu and low producing &nl-
ijicils 'ji-te positions J £o ulici u, ior Gxanipiej & Xj.i!--,"h coV'. '  
Lt one ;p03itiori uas o.t t i ie level of production of a nediu.ra 
ook xn ri.n ^.ujoinin^ |;^x*oup» 
fable 9 indicate:b "ciic oiuounta of hay and coucentratef? 
^onyumed auring the 5Q-day preliminary period. The feeding 
ratio of ? lb. of hay to 4 lb. of cuncenU-ates (1.75:1) i;as 
clu^jely approached and the average hay to concentrate ratio 
for all  cows was with a rani^e of 1.47:1 to 1.76:1. 
fne wodel oi the analyois of variance which w&s used 
b'vs.CwiiBivc-'Xy in tiie BliauXirJuical tx'eaoiuenc oi t^he o.alta nas 
tile lollowiLn^ iorui: 
Source of variance Lesrees of freedom 
Ration (hay to concentrate ratio) .5 
Level (feeding level) 2 
Ability (prelirainary period pr-oduction) 2 
Ration x Level (R x L) 6 
-flation Ability (R x A) 6 
Ability X Level (A x L) 4 
nation X Level x Ability (U x L x A) 
Total 35 
i 'he triple interaction term (R x L x A) was used as the error 
term in aaking; she tests of significance. 
The analysis of variance of the weight changes in the 
fable 9. Gonsufiip tlon of hpy ana cone en ti'j.' ,tes aurinp: th e preliminary period 
Level 
c X 
f Gcd — i'vbll- I i— 9 ; G PS j. {— o 51 G 45 f {-3 5;C--65 H -15:C~ 85 
i fi p; ity C o w Hay Cone - Gov- Hay o r i o • Coiy H ay Cone . Cov; Hay Cone . 
(lb.) (lb.) (lb. ) (lb.) 
H-lish 2553 1049 671 3157 15£7 857 2710 13 54 867 2982 1331 768 
High i'i • i:392 11 OS 69 7 >i649 1197 685 35^ 1027 675 2976 1432 820 
Lo vj 363-i 1115 639 -3 £63 1 So5 709 3160 946 5G1 3 538 9 23 527 
cn 
t i l  gh -3266 1109 754 nsoo 1497 869 2378 1237 787 3142 1442 B19 
i'iGO. . I'i eu.. 3469 1411 832 o444 1086 6 £8 2643 1058 677 3493 1223 704 
L.O vj 3440 9 til O 0 3597 1016 581 3432 1027 608 3516 9 26 622 
Hlgli 3.3 Do 780 3:^ 91 130ki 74l:i 2963 138/^  790 3174 1473 842 
Lo if.' i'j, t?Ci * 3'i b(J -L tiiicO 710 •3483 1319 755 3123 1315 772 2606 1585 905 
Lo v: 3302 r^ r,  vr C12 3;-9 4 1210 700 34 39 1313 753 2159 9 56 598 
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preliminary period is presented in Table 10. 
The significance of the R x L term at the 5 per cent 
level indicated that the v;sight changes in this period v;ere 
not randomly distributed among each group of three animals 
Table 10. Analysis of verianee: Body v/eight 
changes in the preliininsry period 
Source of Sura of Mean 
variance d . f .  squares square F 
Ration 3 13,921 4,640 2.476 
Level 2 1,735 868 0.463 
Abili ty 2 8,251 4,126 c'  202 
R X  L S 42,365 7,061 3.768^~^ 
R X  A 6 27,507 4,585 2.447 
A X  L 4 4,449 1,112 0.593 
R X  L X  A 12 22,492 1,874 
Total 35 120,720 
.05 
which were subsequently allotted to the 12 hay to concentrate 
ratios at the three levels of feeding. Among these IE posi­
tions, there v/ere weight changes during the preliminary 
period vjhich varied from a loss of 334 lb. to a j^ain of 24 
lb- The other terms of the analysis revealed a random 
'-^1 
uib'&rioubiou o.i uhs weiojiii cuuugi-s• Ho•«ever, thwre vas a 
trend in body weiyil: ioases vnen the oov/s were grouped on 
tiie basis oi'  pr-->auo tiv^ uoilitj ' .  xhe cov.'y in the hii-jh, 
iaeciiuui &i.iu low aoxii 'liy j^i 'oups lost a cuciposiCa toiiai of 903, 
x jU -x idiio. ' i '?y lb-J i' '«spfciC tively • 
ihy t^^perimental Period 
ijenerai fiadinKi^ 
The expsrimental period v.-as carried out with less dif-
i 'icullv thaii had anticipated. Ml the aninials, once 
dei'lnitelv commit;tod to the experiments.1 feeding ti-ifjl,  re-
uiciinid ijO coiUpititd ti 'Ki lull Ciciy pcTiov-i. AJ Io chicf uif— 
i 'lcully encountered was tne inability oX t ' loae cov/s placed 
at hi^i feeding uurl hi^h h&'j levels to consun^e th>3 calculaTied 
rciit-.tjAi cnor^^ j.n u/i.o xoi'iu of iiay« Inc up^-t-r lii.ii u oi 
Qistc^nt rouirhgye oonc.umption of about 58 lb. per ripy -wac 
achieved by numerous feedings suid by close observ?tion of 
the cov;a c-incarned. High levels of hay consuniption were 
otroii^ly and ^aito rutsularly depryasftd by environmental 
teuiperatures above 30° F. Cows on the hieh concentrate 
ratioiio adjusted rapidly to their rations. Di^j-estive dis-
turbaacec, thoutth they occurred icore frequently Kith these 
cows, v.ere treated and ^^enerally corrected within a few 
v3 
days. inost notable condition ccnit!.on tc ell the high con-
ceiitrf-.te cgvjs vfs e. flficcld atonic ccnaition of the rumen 
snd depressed runinstlon. 
DetallerJ dsts on the fesd conpuiption, milM. production 
snd weight cban;j,es for the 36 covvs ci.uring tne erpsrirnental 
p-;rlod ore /riven i.n Tables 5£ t:jr-0Ui;^h 57 ol'  tlie ;ippendi;c. 
The numracrlssd dsta of hay snrl ojncontr'^ts consu^nption, 
railk production snA KPE input:? above mintanpace are shown 
in Tabler; 11 and le. 
Table IT prsaents the milk production and feed input 
in Therms above iicdntenance over the experlroentai pexloci, 
whilo the two upp-ir portions of Figure 1 present these data 
in a. yraphioally .iu!?an.\- 'ir.ed form. These dri;r. indicated 
that, r.croGS tilt) four ha^- to concentrate n.tiofi, pro­
duction folloued fftirlj '  closely the TKT inputs oi leed 
!?. bovc nr:lnt:;-nanoe ri-cuireiaen tc. The depresBeS feed input 
curve of the cctjs nt the 75:25 hsy to concentrate ratio 
indicnted their inability to coasuire the required energy 
l-r;_;e]v in the form of rouihsge. This inability v;as re­
flected in the lo^^'OreG ailk production curve ci the high 
hpy CO KG. Fror Figure 1, it  is cesn th;-:t the nine cows 
fed the hi^yheot concentrcJte ration hsd o conni;^tently 
greater mi 11c production thnn the j^roups at the 35:65 and 
55:45 hay to concsntrpte r?tior,. Ho'vever, the total feed 
Inputs above tr.rdntr-nfince for the three j^roupa of nine cows 
T ClCXw 11" tion o£ hay a nd cDnceiitrc tes during th 8 experimenta 1 period 
Lev el 
Q f  
f e ed— Abll- H— 75; C-25 i  i-— 5 D z C —' 45 H -35:0-65 H -1 B- n_s 35 
ing Ity Goiv Hay Cone . 0 O tAr Hay Gone . C o v; Hay Cone . COK Hay Cone . 
( lb.) ( Ih.) ( l b . )  ( l b  . )  
HI gh. 2553 6368 -L  '5  3157 5513 2531 2710 3246 3527 2982 1566 4922 
iii gh Med. S39 E 6610 1275 2649 5074 2350 3529 309 5 33 29 2976 154S 4850 
Low 363 2 503 ffi 9 7 7 3263 5338 2460 3160 3370 3483 3538 1481 4066 
High 3266 59 55 1208 2600 5209 2430 2378 3129 3305 3142 1432 4487 
M ed . i'isd . 34 6y 6757 1262 3444 4 567 2100 2643 3385 3538 3493 1341 4126 
Lov; 3440 4973 969 359 7 4151 1918 3432 2977 3108 3516 1188 3798 
riigii 3272 604 3 1156 3291 4315 19'S 3 2363 2781 o o r-v { -> 3174 1255 3871 
Lo w i'-ied . o4 oO 5574 104 7 3483 4242 1953 3128 2783 2904 2605 1285 3918 
Lo v; 33U2 5883 1126 3294 4010 1852 3439 2715 2832 ir.. X O'i:? 1216 3761 
xa'oie xii. HllK. production (4;g FCM) and. feed input..'^ In Thersis Tor production 
ciuriiij.^ th.e experimental period 
Level 
of -
feed- Abil- H-75:G-E5 H~S5; C-45 H-3 5: G-65 11-15: C-65 
ing ity GOVJ Prod. Ti'ierms®- Covi Prod. Hierins Cow Prod. Therms Covj Froo . Therms 
Hifcih 
Hi gh. M ed • 
L.O V.' 
High 
Med. Ked.. 
Lo Vv' 
High 
Lo V/ M ed.. 
Low 
( l b . )  
£553 4692 
£39 2 5869 
o&-5-^ 49 E 5 
3266 6724 
3469 6343 
344 0 4 649 
327k 6016 
3450 5129 
350i: 4773 
£083 3157 
2278 2648 
1622 3263 
2164 2600 
2229 3444 
1685 3 59 7 
.20ij;6 
184 5 3483 
1789 3294 
lb. ) 
8077 2801 
O / I-? i""' 
6790 2750 
779 7 2470 
5206 227:2 
5534 2089 
619 7 1051 
5984 2019 
5183 1882 
( l b . )  
2710 5884 
3529 669 5 
3160 5773 
2373 6359 
2643 6968 
31-32 6498 
29 63 6665 
3123 6076 
3439 5983 
2710 2982 
263 6 29 76 
2662 353B 
2433 3142 
2379 3493 
2368 3516 
2059 3174 
1971 2606 
2056 2159 
( l b . )  
8275 S927 
7277 2885 
627G 2477 
7571 £568 
7168 2482 
5615 2248 
7667 2130 
6768 2125 
5807 2032 
^Based on EMP- avail<-ble for px-oduetion over n!ainten,ance; maintenance requirements 
bssea on average bodj' v<eiiiht over the experimentr1 period. 
Figure 1. Mean milk production, feed inputs (expressed 
as Therms above maintenance) and body vjeight 
of each group of nine covvs at each hay to 
concentrate ratio 
75 per cent hay 
55 per cent hay 
55 per cent hay 
15 per cent hay 
Legend 
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each nt t/ift 55:45, 35; 65 rna 15:^5 r^.tios vera, ro?p2ctively, 
20,496, iv'OjSlic' and 2C,96H Txierns. increased ffiilk. produc­
tion at the hi^h5«t ci ' 'noentr^.te rrtion vf:.3 net explsiafsJ by 
tne diffsrejncea In the input of Therms sncl s rcj.sDiiaolo • 
s;-!.:)lan^:tion 3an be sought fr')iD dTl;??, in the pr-oliciun.ry 
p>:;rl0Q. 
iin anol.yoir> of variance o" the :iilk production in the 
preliminary period is shown in Tsbls 13. The portion of the 
variability attribulinble to ability very lii_^a Tor i t  w^ss 
on thio bosi'^ thrit th.e aJ'iimals >'ere (^r.)up'Sd. However, tho 
Table 13. Analysis of variance: Kilk production 
during the prelirrdnary period 
Source of f'uin of thian 
variance d.f. squares square F 
Retion 0 61G, 662 no 5, K  r. A  u *J.: 4 
Lev el P 30S, 495 151, r- / (' ' r  .3e 
Abi: l ity P 5,467, 305 £,733, 153 .16"^ 
O X T h  6 304, 963 (>0, r\ r. r*: O C  <  1 .14 
n x A 5 363, 041 60, 507 1 .35 
A X T i-' /} 50, 323 ] P 
- ' . '-J IT, •- r L. -.J C f ' ,  .£8 
P 1; ;< L 1 0 -U V I  ^  f-40 ' x ' x ,  770 
' lotal 36 7,642,035 
<^-F<0.05 
<f^fp<0.01 
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variance aniong ration ^iToups vjas significsnt at the 5 per 
cent level which indicated that, in the preliminary period, 
there vjas not a random distritution of the animals of dif­
ferent produciiig abilities across the four feeding ratios. 
i 'his was indicated by the total milk productions of the 
four groups of cows which, froffi the high to the lovir hay 
feeding ratios, were, respectively, 21,622, 22,656, 21,193 
and £4,251 lb. 
From these foregoing data it  seemed advisable to uti­
lize the analysis of covarianee presented in Table 14 to 
adjust the milk production over the experimental period for 
the differences in production during the preliminary period, 
•i-rie logic of this analysis followed from the observation 
that, with a few exceptions, performance in the preliminary 
period influenced the subsequential experimental period 
performance. Before the adjustment by the analysis of co-
variance, the means of the milk production from the high 
hay to the low hay rations were, respectively, 5,482, 6,494, 
6,-3;;2 and 6,9-36 lb. per cow. These means adjusted for the 
differences in the production during the preliminary period 
were, respectively, 5,570, 6,46S, 6,456 and 6,7-37 lb. per 
cow. 
Throughout this work the observation was made that the 
level of production in the preliminary period generally in­
fluenced the level of production in the subsequent 
14. ^ia;;lysiG of covariance; Milk prodac tloxi during the pr-eliminai-'y 
perioo t,h inllk production d.urin,:-: the e>:neriiiient3.1 period 
>~^  O vUT'« 
ir-X a/'ic 3 
>: = prellnu per, production 
M - 3 - I'J -  P. a 
r l . f .  x y  :  
per, nroductlon 
Residuals 
RftsiouP-l K.S. 
Ration 3 205, 554 611,699 3,333,135 1,894,680 
Lev el 1 o 1, (d4 Q -301,028 746, 201 
7 
999,816 
Abili ty 2- 2,7-33,153 5,400,420 4,401,012 iz 188,447 
R X Lj G 50,827 84,544 524,641 6 399,227 
R X A 6 50,50? 98,944 525,828 6 3 79,627 
JrX X I_J 4 12, 582 -20,421 176,793 4 221,499 
R X L X A Ik 44.770 45.799 213.9 56 11 185,662 
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experimental period. This observstlon was tested statis­
tically bi* evaluating the mutual relationship between the 
production in the prelirainary period of each cow with that 
in the experimental period, regardless of the ration and the 
level of feeding to which the cow was allotted. The data 
for this analysis were taken from the appropriate totals in 
'Tables 8 and 12. The correlation betv;een these two con-
coffiitant varlates was expressed by the high correlation co­
efficient of r = .634. This correlation was evaluated by 
the "t" test and v;as significant at the 1 per cent level, 
'i 'his finding indicated the establishment of conditions dur­
ing the preliminary period which controlled the nature of 
the subsequent production, regardless of the treatnient to 
which the animal was subjected. 
Body welRht changes 
At this juncture, the separate consideration of the 
nature of the body weight changes during the experimental 
period was undertaken to facilitate the continuity and 
clarity of the ensuing results. In the conduction of the 
experiment, the greatest and most rapid changes in body 
weight, whether of actual flesh snd/or of loss or gain in 
body fill,  took place through the first four to five weeks 
of the experimental period. At the end of this period the 
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cows apparently had g.djustsd their bcrly weights relative to 
their particular rations and to their ability to produce, 
' ihereafter, and for ths reinElnder of the experiment, the 
cows maintained their body toei,-ihts or gained or lost weight 
in a slow and steady manner. Theee slov; chartges or static 
conditions in body V/eight appeared coiiimensurate i-lth the 
COV. 'E '  energy supply for Eilk pj.-oduction and/or their tendency 
to put on flech. 
The detailed data relative to the body v/eight changes 
are presented in Tables 51 and 57 of the Appendix. Table 
15 suiiimarizes the body weight chsngss froni two aspects; the 
total changes over the entire experiniental period and the 
changes from the end of the initial four veek^, of the experi­
mental period to its conclusion. The results of the weight 
changes over the t>;o periods are presented by their analyses 
of variance in Tables 16 and 17. When the entire experi­
mental period ve.s considered (Table 16), the effects of 
ration, feeding level and ability upon body weight changes 
either approached sij^-nlficance or were significent at the 
5 per cent level. However, when the last 22 weeks of the 
eitperimental period were considered these effects disap­
peared (Table 17). This finding was further emphasized by 
the increase in the error component of variance from 51 per 
cent of the total variance in the first c?se to 83 per cent 
in the second case. Thus, from the first to the second 
T CI G1S 1. G • Body '/.'eight changes durlrit^ two time intervals ol" 
period 
the experimental 
Level ft-75:G-£5 H-55:C-45 H-55:C-65 TT-15:C-85 
of Wt- chan6;e Vit. change Wt . chano-e VJt. chanp-e 
feed- Abil- 0-26 4-26 0-£6 4-26 0-26 4-26 0-26 
ing it,y GOVJ wk. tjk-. Gov; wk. vdt. Gov; wit. v;k. Coiv v;k. wk. 
(lb.) (lb.) (lb.) (lb.) 
Hig'ii '£^L>5O 200 -0157 — 69 —4y 2710 4<; '?.9 k:.yQc. — SO —21 
High Med. 2392 59 125 £649 — t3-.3 —46 3529 92 179 2976 — 62 —38 
Low 3632 ~ 45 -4 7 3263 - 24 - 7 3160 110 69 3538 51 20 
High 3266 — 22 7 2600 - 78 —31 237^9 14 64 3142 —102 3 
Med. i-ved. 3469 40 57 3444 36 26 2643 46 22 3493 - 56 10 
Low 3440 26 39 3597 — 25 —32 3432 55 29 3516 5S 120 
High 3272 -115 -63 3291 2 40 2963 -153 -21 3174 -178 -31 
Low 2-iecl. 3450 - 67 -24 3483 - 61 - 5 3128 23 89 2606 -164 -91 
Low .330k:; 92 55 3294 - 2 19 3439 - 70 - 4 2159 21 36 
Cn 03 
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' iable 15. Analysis ol variance; Body wsight changes 
during iihe entire experimental period 
Source of Sum of Mean Component 
variance d.f. squares square F of variance 
Ration 3 33,157 11,056 3.30+ 0 
Lev el 2 30,2G7 15,104 4.51':^ 6l 15 
Ability 2 32,906 16,4 53 4.91'!^ 15 
R X L 6 £2,949 3,825 1.14 
R X A 6 30,826 5,138 1.53 9 
A X L 4 11,792 2,948 C.88 oLL 0 
R X L X A 12 40,200 3,350 02 51 
Total 35 20£:,047 
<^P^0.05 
tAppro aches p'^0.05 
Cc:..Gc: ,  the components of variance for ration, feeding level 
and c'lbility deereassd markedly. These results indicated 
th&t the body weight changes, after the first four to five 
weeKs oi tne experimental period, were largely independent 
of "Che rction fed, the level of feeding and the ability of 
the aniaals. 
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Taole 17. Analysis oT variance: Body "iveit^ht char.ges 
from the end of the initial four I'v'eeks of 
the experimental period to its conclusion 
Source of Sum of Mean Component 
variance d .f.  squares square F of vsri snce 
{ % )  
Ration 3 26,268 8,756 2.54 7 
Level 8,951 4,47G 1.30 0 
Ability 
-
705 353 0.10 sf -6 
H X L 6 32,062 5,344 1.55 15 
H X A 5 25,333 4,222 1.23 ^RxA 6 
A X L 4 10,441 2,610 0.76 -5 
fi X L z A 12 41,301 0,442 6'^ 83 
'? 1" o " 35 145,061 
In Table Iw, the gross averages of the body iijeight data 
are presented on the basis of the ration fed, of the ffft: iding 
level and of tne ability of the cows. I 'his method of pre­
sentation does not consider the great Individual variations 
among cows. However, i t  was noted thet the body weight 
changes during the last 22 weeks of the experimental period 
presented less variation than the corresponding changes for 
the entire period. There also was the trend for cows at the 
higher levels of feeding to gain the greatest amount of 
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Table 18. Total body weight changes luring the totsi 
experimental period paid during the last 22 
weeiio of the exrierimentsl Dcriod 
Gain or loss in wt./ 'cov 
Entire Lsst; 22 wfe. tv, vi't.  over 
Basis exp. per. exp. per. exp. per. 
Ration®' 
( l b . )  ( l b . )  
H-75:C-25 7.3 39.9 1147 
H-65:C-45 -28.2 -9.3 109 2 
H~35:C-65 17.7 56.2 1125 
H-16;C-85 -59.1 0.9 1091 
Level of feeding 
High 12.0 3S.8 1131 
Medium - 0.6 26.2 1104 
Low -55.1 0.8 1108 
Ability'^ 
High -53.4 15.7 1168 
Medium -13.9 25.3 1143 
Lo« 20.6 24.8 1030 
Over all average 1114 
^'Average of 9 CO^JS 
^/ivera£',e of 12 cows 
^Average of 12 cows 
weight. Depending upon -iv'nich experimental time interval is 
considered, cows of high ability lost more or gained less 
weight than those in the lower ability groups. Over the 
entire experimental period, the average ii 'eight loss of 59.1 
lb. per cox\' incurred by the group on the hig^hest concentrate 
ratio (H~l£;G-8i3} apparently reflected the initi;"! effect 
of ths lack, of fill on this ration. HoT-'ev^r, for the last 
ciZ weeks the hlgn concentrate group had an average gsln of 
only 0.9 lb. per cow. This observ-stion clearly indic^-teci 
the s La.bilization of weight after adjustmenlj to the high con-
eeuurate ration. 
The iaaaii tody v^'eight of all the oov/s over ihe expsri-
;aental period was 1114 lb. (Table IS), i ' .lth one notable 
exception, tlie average body wei/^Lits of th.5 cows by liie three 
bases of classification f^rouped theaselvss fairly closely 
about the overall mean. This exception was at the lov^ abil­
ity classification where these animals had a inenn body 
uei.i^lit 84 lb. belo'.v that of the overall mean. The medium 
Rnd high ability groups wyx-'e, respectively, £9 .^nd 54 lb. 
above trxe overall mean. The low ability group hgd the great­
est proportion of the lighter cows and the first-calf heifers 
and this generally smaller size also limited their ability 
to pir-oduce 'Tdlk •rt the higher levels. The more oomplete and 
£;:raphic fjtudy of the body weight changes and the amplifica­
tion of the results in this section yre presented in the 
lower po.rtion0 of Figures 1 through 9. 
The rel&tions.hips amonR feeding level. 
productive ability and milk production 
The data collected in this experiment have indicated 
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oiiat the aiffsrences in the arbltrja-^- leveir cf feeding Kere 
not suii 'ioien'Glj '  txtreiue to cvtrcome tlie productive sbility 
ylasGirication or the cows based upon tne prelirnincry period. 
In rsany casc-s, cows of iii^h producing; .ability, pl.^-ced. at the 
lou aiia nieaiua levelu cr rueding, were able to produce silk 
at levels equal to that of the cov'S at th? aisdiura and high 
lev-ala of feeding. Thia was shown in Table 12. This phe--
nomenon v/as observed, especially among the animals at the 
lowest lavol of feeding, after radical weight changes h'^d 
csacied and a relative stabilization of weight had been 
aohiavad. 
The statistical interpretation of these ph^no.Tena began 
ivith the analyses of the body i-jeirht data over the experl-
iLental period (Tables 16 and 17) and is'  continued in Tables 
19 and £C Vtith the statistical analyses of the total feed 
Gonsuuiptlon and total milk production over tnis period. 
ihess will be follovied by the more extensive and detailed 
graphical presentation of the results herein reported. 
From the tests of significance in Table 19 tbe follow-
Ing interpretations of the data have been mgde. When the 
conauGiption of ENE available for milk production was con­
sidered, the tests for the effects of the ration fed and of 
the lovel of feeding were significant at the 1 per cent 
level. The differences In the effects of the rations x-iere 
revealed by the inability of the cows to consume, equally 
Tsbie 19. ci vai'it!i.C8: S.i I'vr prouuellon 
above nislntenance during the experiirientsl 
perlocl 
Source of 
variance d.. f .  
Sura of 
£IQUI:RC8 
MEJIN 
square F 
Component 
OI variance 
( 
Ration 3 971,027 323,675 17.78^"^ o'i 18 
Level 2 2,144,504 1,072,252 58.90'ii '* 6'i 55 
Abill t-r 2 140,805 70,403 3.87t r.2 2 
R X L 6 400,879 66,813 3.67-1:- ORXL 11 
R x A  6 £03,008 33,835 1.86 RxA 3 
A X L 4 42,421 10,605 0.58 0 
R X L X A 12 £18,459 18,205 0^ 12 
Total 35 4,121,103 
<>P<0.05 
^^"F<0.01 
t  Appro aches P<0.05 
well, the required energy over the four hay to concentrate 
ratios. The differences in the effect of the feeding level 
were consistent Kitn the incorporrstion of the three levels 
within the experimental design. Tlie effect of sbility upon 
the consuicption of ration energy approached significance at 
the 5 per cent level. This indiCcTted thc?.t animals of higher 
ability and, in p&rt, of greater size v;ere rnore succeRsful 
Taole 20. Analyeis oi'  variance; Milk production 
during the experimental period 
Soui-'ce of ouhj  oi Mean CoinDonent 
variance d. f.  squsref! squpre F of VF.ri snce 
r.-^- uion 3 9,99y,406 3,333,135 15.58-' ' ' '  
'-R 
(^) 
27 
Level 1,432,402 746,201 3 .49 
C 
(fh 2 
Ability £ 8,802,023 4,401,012 20.57--' ' :- 51 
R 1.  c  K J  3,147,847 524,641 2.45 4XL 10 
n X A 6 3,154,969 525,B28 2.46 x2 (-'RxA 10 
A A LJ ' :L  707,171 176,793 0 .S3 0 
R X L X A 12 2,557,477 213,956 21 
Total 35 29,871,295 
0.05 
^^^•\P<0.01 
than those of lower ability in consuming the required cusji-
tities of r£>tion energy. The effect of the energy fed uoon 
the interection of ration and level (R x L) vs^s significant 
at the 5 per cent level and indicated th^t, from the loiv to 
the high level of feeding, the cows' capacity to consume the 
required ration energy diminished. 
In Table 20, the sources of variance were tested for 
their influence upon mllK production. Here i t  found 
66 
that the effects of the experimentally designed differences 
in feeding levels upon milk production had disappeared. In 
its place, the effects of the ration fed and of the ability 
of the cows upon milk production were significant at the 1 
per cent level. These results v;ere demonstrated by the mag­
nitude of the components of variance in the tables under con­
sideration. Vv'hen the ®IE available for production was con­
sidered, the component of variance for the level of feeding 
— P { 0 was 55 per cent, whereas i t  was reduced to 2 per cent 
when milk production was considered. The opposite result 
was obtained with the component of variance for ability (6^), 
which rose from but 2 per cent in the first case to 31 per 
cent in the second. The component of variance for ration 
(6|) was fairly large in both cases. To summarize the fore­
going results, the average production per cow over the ex­
perimental period is given by level of feeding and by abil­
ity. For the high, medium and low feeding levels, the aver-
tige productions per cow were, respectively, 6,453, 6,453 and 
6,021 lb., whereas those based on high, medium and low abil­
ity were, respectively, 6,844, 6,431 and 5,651. 
The results presented to this point have been largely 
in terms of the overall totals and their statistical ana­
lyses. In Figures 2 to 9 the results have been graphed over 
time and the changes in milk production, feed input and body 
weight have been graphed simultaneously in each figure. In 
Figure 2. Effect of predicted producing ability on milk 
production and on v;6ight changes of cows fed 
75 per cent of EKE from hay and 25 per cent 
from concentrates (feed inputs expressed ss 
Therms above maintenance and each line is 
an average of three cows) 
Ability Feeding level 
Hlf^h Med. Low 
High 2553 3266 3272 
Med. £332 3469 3450 
Low 3632 3440 3302 
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Figure 3. Effect of predicted producing sbllity on milk 
production and on weight changes of cows fed 
55 per cent of EKE from hay and 45 per cent 
from concentrates (feed Inputs expressed as 
Therms above maintenance and each line is 
an average of three cows) 
Legend 
Ability Feeding level 
High Med. Low 
High 315? 2600 3 £91 
Med. 2649 3444 3483 
Low 3263 3597 3294 
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Effect of predicied producing ability on railk 
production and on weight changes of cows fed 
,35 per cent of ENE from hay and 65 per cent 
from concentrates (feed Inputs expressed as 
Therms above maintenance and each line is 
an average of three cows) 
Legend 
Ability Feeding level 
High Med. Low 
o'h 2710 237S 2963 
Med. 3529 2643 3432 . . .  
Low 3160 3432 3439 
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Figure 5. Ef'l 'ect of predicted producing ability on milk 
production and on weight changes of cows fed 
15 per cent of ENE from hay and 85 per cent 
from concentrates (feed inputs expressed as 
Therms above maintenance and each line is 
an average of three cows) 
Legend 
Ability Feeding level 
High Med. Lov/ 
High 2982 3142 3174 
Med. 2976 3493 3516 
Low 3538 3516 2159 
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Figure 6. l^iffect of predicted producing ability on milk 
production and on weij;,iit changes of cows at 
the high level of feeding across the four 
hay to concentrate feeding ratios (feed 
inputs expressed as Therins above main­
tenance and each line is an average of 
four cows) 
Legend 
Ability Hay:concentrate ratios at high feeding level 
H--76;C-25 H-5b;C-45 H-35;G-65 11-15^0-85 
High 2555 3157 3710 2982 
Med. 2392 S649 3529 2976 
Low 3632 3263 3160 3538 
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Figure 7. Effect of predicted producing ability on milk 
production and on v/sight changes of cows at 
the medium level of feeding acropi'-, the four 
iiay to concentrate feeding r;.tios (feed 
inputs expressed as Therms above main­
tenance and esch line is an average of 
four cows) 
Legend 
Ability riay:concentrate ratios at meoiura feeding level 
H-?5;G-£5 H-56:C-45 H-55:C-65 H-15;C-95 
High 3B66 2600 2378 314 E 
Med. 3469 3444 S643 3493 . 
Low 3440 3597 3432 3516 - ^ tmm mm , mm 
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Figure 8.- Effect of predicteci producing ability on milk 
product;ioa and on. "/eight changes of cows at 
the lov; level of feeding across the four hay 
to conceiitrate feeding ratios (feed inputs 
expressed as Therms above maintenance and 
each line is an average of four cows) 
Legend 
Ability Hay.ooncentrate ratios st low feeding- level 
H-75:C-;;5 H-55:C-45 H-35;C-65 H-15:C-85 
High 3272 3291 2963 3174 
Med. 3450 3483 3126. 2506 
Low 3302 3294 3439 2159 ^ ^. 
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Figure 9. Meaii milk production, feed input and body 
weight changes of each group of 12 cows 
ac each of the three feeding levels 
Legend 
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these figures the unit of chenp/e for milk production is pre­
sented in terras of a pound of 4 per cent PCM; whereas the 
unit of change for the input of feed energy above maintenance 
is 0.3 Therms. As 0.3 Therms is the energy necessary for 
the production of a pound of 4 per cent FCM, a unit change 
in one is equal to a unit change in the other. Thus the 
input and output curves in each figure are directly com­
parable. The description of Dhe data and the classification 
of the animals in each figure are found on the facing page. 
In B'igures 2 through 5, the animals are classified on the 
basis of ability at each hay to concentrate ratio averaged 
over each of the three feeding levels. In Figures 6 through 
6, the aninials are classified on the basis of ability at 
each of the three feeding levels averaged across the four 
hay to concentrate ratios. Figure 9 is a composite repre­
sentation of the results of the 12 animals at each level of 
feeding. This figure summarizes the tendency of the ani­
mals, though placed at different levels of feeding, to 
move toward a mean milk output level i-jhile v. 'eight changes 
in either direction remained relatively small. 
The Post Experimental Period 
The data presented here were not included in the ori­
ginal ey^perimental design. The possible value of these 
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ciata arose froa; the varying production responses of the 
experiniental animals to full feed and noriTial her-o. manage­
ment at the termination of the experimental period. It han 
been shovm that there was a highly significant correlation 
betirteen the production in the preliminery period ?nd that 
in the experimental period. It wag sought to establ.ish if 
the individual differences in initial production would still 
be reflected in the productivity of the anitnalo at such a 
late stage of lactation. 
Data on the 4 per cent FGM production vjere gathered 
until the animals viere removed from the milking herd or 
until they had completed a four-month post experimental 
period. Feed consumption data were not obtained, but i t  
'was assumed that each animal was fed to her capacity, aa 
much individual care v^as given to the animals which had been 
on the experiment. Hence these data are not of a critical 
nor of an entirely objective nature but are presented for 
their Interest and for the appearaaice of certain trends. 
The histograms in Figures 10 and 11 summarize the data 
obtained. In Figure 10 the animals were grouped into the 
high, medium and low ability jjroupa of the original experi­
mental design. In the implementation of the design it  was 
not possible to insure that each animal in a particular 
ability group had a higher preliminary production than 
each animal in a lower ability group. As a result, a 
Figura 10. i-ost experimental production and perfrJistency 
(aniiiial raiked as to ability in the 
experijueuual doKign) 
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Figure 11. Post oxperduisntal production and iDersistency 
(absolute rank b^sea. on prelimin^.ry per'iod) 
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certain amount of overlapping occurred among the ablllty 
levels. In order to eliminate this overlapping effect, the 
aniaais In Figure 11 have been grouped Into three absolute 
ability ^roups of 12 govs each, ramed from the highest to 
the lowest on the Daeis of the preliminary period produc­
tion. The order and the numters of the cows in this abso­
lute ranking, which were used in presenting other results, 
a r e  s h o v m  i n  T a b l e  2 k .  
To give a clear conception of the results in the 
histograms, the cl&ta for each month are classified verti­
cally into three segments as follows: 4 per cent FCM per 
day, total number of days and number of remaining cows. 
Gombining these three segaents of data for the high cows 
in trie fourth month in Figure 10, it  Is seen that there 
vis.s a daily milk, production of 32.3 lb- over a total of 42 
days by two remaining cov/s. 
From Figure 10, wnere the cows were grouped as in the 
experimental aoslgn, the results indicated minor differences 
in to!.al prcduc'cion in tne post experimental period between 
the high and mediuai ability groups of cows. However, in the 
high group the cows which remained beyond the first two 
months had a higher daily production than those ^vhich remain­
ed beyond the same period in the medium group, with the 
low ability cows there was a fairly uniform production 
throughout the four months, largely due to the greater 
90 
persistency of the first calf helfsrs in this group- However 
in this group the number of cows remaining for each succeed­
ing month decreased more rapidly than in the high and medium 
groups. 
'i 'he absolute ranking of the GOV;S in Figure 11 presented 
ra ther  d i f fe rent  resu l t s .  Here ,  the  h igh  group produced at  
a higher level and retained more cows for a longer period 
of time than did either the medium or low groups- The data 
in the tiiird and fourth month for each of the absolute rat-
in^is clet.rly demonstrated the differences in the production 
and persistency of the three groups. 
Table c i  presents the total production of the groups 
over t.his period by the two classifications previously de­
scribed. Although the overall relationships hold, the values 
in this table do not always correspond exactly with those in 
the histograms because of the different manners in which 
these data were handled in order to present them clearly, 
fhe average experlniental period body weights of the animals 
are also presented by the two classifications. 
These data indicated the trend for the higher producers 
in the preliminary period to be more productive aiid persis­
tent at the later stages of lactation. This trend was 
clearer when the animals were grouped consecutively from 
high to low than when they were grouped in accordance with 
their allotment to the experimental design. The data in 
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Table 21. i 'otal milk production during the post 
experimental period 
Mon th 
G-roup 1 E 3 4 Total Av. wt. '  
(1 b .  ) (lb.) 
uO w s 
the 
grouped on the basis of 
experimental desi??n 
High 8481 7129 3170 1357 20137 1168 
Medium 9288 7199 2294 812 19593 1143 
Low 8353 4675 1669 115 14812 1030 
Cows grouped on the ba 
absolute high to lov/ pre 
period production 
,sis of 
liminary 
High 9391 8108 3863 1508 22870 1145 
Medium 8442 5640 1726 660 16488 1165 
Low 8613 5317 1525 115 15570 1033 
®-i'he average vieight or the covjs by both groupingB over the 
e.xperiraental period 
Table 21 shoved that when the animals were grouped es in the 
original design, there viaa a large difference in the produc­
tion between the ciediura and low ability cows. This ^;'as ex-
plrvlned, in part, hy the smaller average size of the animals 
in the low atility group. However, in the absolute grouping 
the medium and lov^ ability cows had a similfr total produc­
tion, while their respective average body weights presented 
op 
8 magnitude of difference similar to that of the n;ediuni ?nd 
low ability cows In the first grouping. These resvilta indl-
osted tn&t in the absolute grouping (1) the presence of P11 
tne first calf heifers in trie lo^^! group raised the tot^:! pro­
duction and that (2) the aiedium cows, with tine greetect sver-
E:-:e v;eight of ihe three groups, showed a greater tendency to 
gein in body wei^^ht st the expense of milk production. 
The Sfficiency of Feed Utilization 
The results presented to this point ptimulnted the 
investigation into the efficlenc.y of feed utilisation for 
milk proauction by eovis of different abilities, on various 
hay to ooncentrate r--;tios and at vi-ried feedin:? levels. The 
methods eraployed hsve been proponed by Brody (11) as folloi^'s: 
.  efT'Vipncv - 340 calories x pounds 4 pgr cent FCM 
uroo., ei.. .cicncy - calories x pounds TDN , 
y ^ .  - milk calorles produced 
uet 61 -ciency = calories consumed leps rasintenc'ince 
ihe maintenance requirements for each animal i-vere deterniined on 
tiie baSis of itF- average iveight over the experin-ental period. 
In Table 22, the cows have been listed consecutively 
froii; the hi^heet to the lowest producing anltnal as previously 
described. The gross and net efficiencies of milk production 
were often influenced in&rkedly by the weight change during 
tiie preliiiiinary period and rssultod in a number of irrntional 
TaTjle 22. Gross and net efficiency of milk: production for preliminary, experimental and 
total period on the experiment 
Gross efficiency Uet efficiency Milk production 
Wt. change Pre. lExp. Total Pr e. ISxp. Total Pre. Eicp. 
Cow® AM lity pre. per. per. per. per.^ per. per. per.^ per. per. 
(lb.) (P CT ceat) (per cent) (Ih.) 
317U High -21 Ug.U U3.6 UU.6 77.2 83.2 SI.9 3365 7667 
29B2 High -3S 51.2 37.1 Uo.i gg.i 62.8 6g®3 3270 8275 
31^2 High -71 U6,7 37.3 39.3 78-2 67.2 69.5 321g 7571 
3157 High Us uu.u 33.5 35.8 GB.3 53.6 56-S 3198 SO 77 
3272 High -35 Us. 5 29.3 33-3 S2.1 51.s 5S.2 3161 6oig 
2963 High 2h UU.S 36. S 3S.5 71.9 72.U 72»3 295U 6665 
2605 Mea.. 12 37.7 37.9 37.9 53.1 72.9 69<.g 2863 676s 
2600 High -13 39.7 33.7 35.0 66.9 59.s 61.3 2S5U 7797 
2710 High -39 U0.9 27.1 30.0 63.1 U3.g U7oq 2796 5ggU 
3291 High -10 U5.0 32.7 35.3 75.2 60.7 63.7 27S2 6197 
2976 Med. -12 Uo.U 33.2 3U.7 65.0 56.u 5S.2 2757 7277 
3266 High -99 U7.S 33.1 36.2 n.i 53-2 5S.3 2753 672U 
3U50 M ed . - 1 U6.9 27.3 31. u 7S.g U8.3 5U.7 2750 5129 
2553 High -169 51.u 22.6 28.6 106.9 Ui.o 5U.g 2720 Ug92 
3^93 M ed . -iq U6.2 3«.3 Uo.o 7U,^ 63-7 66»o 2713 7l6g 
2375? High -61 U2.U 30.9 33.3 7I0U 5U.3 57»9 2637 6359 
3^?:3 M ed . 20 Ul.U 32.1 3U.1 65.0 55.6 57.6 2622 59??U 
3^3'^ LoV7 29 3S.P 33.f? 3U.9 60.U 60.2 60.2 2UU3 59 S3 
312?^ Med. 75 37.9 33.5 3U.U 62.1 66.0 65.2 2U09 6076 
3263 Low Ul UOeP 29.0 31.u 66.1 U5.7 5000 2386 679s 
26 Uq Medo -U9 Ul„2 30.0 32.U 71.1 Ug.i 52.9 2351 666q 
2643 M ed. -151 U3.3 31.6 3U.1 102.S 62.g 71.2 2310 6963 
3 US 9 Med. -35 33-5 2S.0 29.2 56.0 Ug.6 50.9 2233 63 U3 
2392 Med. -50 Ul.l 26. u 29.5 75.1 U5.1 51.u 22.'?0 5?S9 
329U Lovr 16 3f^.5 29. u 31.3 59.0 50.2 52.0 22UG 5183 
3529 Med. 23 U2.S 32.6 3U.7 69.7 50.s 5U.g 22U3 6695 
3UI1U Med. 36 Ul„7 
«.A. Ml 
31.1 33.3 
r- /' 
69.9 50,g 
r- r-
5U.g 
rt -1 2177 *"1*1 ~7 r\^  6206 r r^-^r 

2710 
3291 
High 
High 
—•'.J 
-39 
-10 
I 
4o.g 
45.0 
2976 
3266 
3450 
2553 
3493 
Med. 
High 
Med. 
High 
Med. 
-12 
-99 
- 1 
-169 
-19 
4o,4 
47,3 
U6 .g 
51.H 
46.2 
2373 
3^33 
3^3^ 
3123 
3263 
High 
Med. 
Lovj 
Med. 
Low 
-61 
20 
2Pi 
75 
Ul 
4g.4 
41.4 
33.q 
37.9 
^40. 2 
264q 
2643 
3U69 
2392 
3294 
Med. 
Med. 
Med. 
Med. 
Low 
-49 
-151 
-•^5 
-50 • 
16 
41.2 
43.3 
33.5 
4i.i 
33.5 
3529 
3444 
3533 
363? 
3516 
Med. 
Msd. 
ILcr.f 
Low 
Loi • 
23 
36 
-26 
lU 
-72 
42.S 
4i.7 
41^7 
4O.3 
43.5 
3597 
3^32 
3302 
215'^ 
34UO 
Low 
Lov; 
Low 
ITOW 
Lovv' 
- 7 
-63 
-46 
-131 
46 
U2.0 
37.5 
33.7 
39.0 
37.1 
3160 Lov.' 51 33.2 
®-Cows listed consecutively from highest to 
Toroduction. 
^Total exDerimental iRctatlon period value 
27.1 
32.7 
33.2 
33.1 
27.3 
22.6 
33.3 
30.9 
32.1 
33.« 
33.5 
29.0 
30,0 
31.6 
25.0 
26*'4 
29.^ 
32.6 
31.1 
33.2 
pg.q 
32,f? 
30.5 
33.5 
23.9 
3U.0 
27.6 
26.2 
30.0 
35.3 
3^.7 
36.2 
31.u 
2S.6 
Uo.o 
33.3 
34.1 
34.q 
3H0U 
31.H 
32.^ 
3U.1 
29.2 
29.5 
31.3 
3^.7 
33.3 
35.6 
31.3 
35.0 
32.9 
34.3 
27.0 
35.1 
29.6 
27.7 
63.1 
75.2 
65.0 
77.7 
78.S 
106.9 
71.4 
65.0 
60.^ 
62.1 
66.1 
71.1 
102.s 
55.0 
75.1 
59.0 
69.7 
69.9 
so. 7 
d!?o5 
75-6 
6go»4 
6U«9 
H6.7 
si.s 
6Uc5 
63.9 
43.g 
6o« 7 
56. 
53.2 
Ug.3 
Hl.O 
63.7 
5U.3 
55.6 
60.2 
66.0 
U5.7 
Ug.l 
62.g 
Ug.& 
H5.1 
50-2 
50.g 
pO .  g 
55.9 
52.5 
55-^ 
Ug.i 
55.3 
U6.9 
67.^ 
hg,2 
^3.7 
1+7.^ 
63.7 
53.2 
53-3 
5^-1 
66.0 
57.9 
57.6 
60.2 
65.2 
50.0 
52.9 
71.2 
50.9 
51.^ 
52.0 
5^.S 
5U.S 
6l«l 
55.9 
59.6 
53.^ 
57.3 
55.3 
70.^4 
51.6 
U7.9 
2796 
27s 2 
2757 
2753 
2750 
2720 
2713 
2637 
2622 
shkj 
2kOS 
2386 
2351 
2310 
22g3 
22S0 
2246 
22H3 
2177 
2139 
213 s 
2030 
2OU0 
1S70 
1360 
13U6 
1677 
1531 
I ly I 
5334 
6197 
7277 
6724 
5129 
US92 
716s 
6359 
5934 
5933 
6076 
6798 
6669 
6963 
63^3 
5339 
5133 
6695 
6206 
6276 
4925 
5615 
553^^ 
6493 
^773 
5307 
4649 
5733 
lovrest producer on the "basis of the preliminary period 
v.'eighted as follows: 21^ for the 50-day preliminary period 
79^ foi* the 132-day experimental period 
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efficiency values. Cov;s £553 and test demonstr-jt;e this 
effect. Durii 'ITI' the prelliiiinnry period THECI GOVS lor.it,  re­
spectively, 169 i-rd Ibl It.  ffi 'id lied n;;;t efficicncy values, 
respectively, of 106.9 and 102.8 per cent. Theso resulti '  
indiceted that a disproportion?tely Itrge amount of the energy 
for production vms derived frow the body stores rte sgainst that 
delived froni the ingested feed. 
The range of the gross efficiency of irllk production in 
the experimented period v/as from 26.2 to 43.6 per cent snri 
that for the net efficiency vss from 4?.9 to SI.9 per voent. 
This c^reat variability vjas influenced cy the ability of the 
anieal ^nd by the level of fsodin^;. The additive effects of 
ability and level of feeding on the efficiency of production 
is deaionstriited i-.s follows. Cow 316'J, the loveat animrJ. in 
prelimin;iry period production and at tne high experiinental 
love], of feedirip: had a net efficiency of production of 47.9 
per cent. Conversely, cow 31?4, the hi(; ';hest aninsal in the 
prellDiinary period and at the low experimental level of feed­
ing hed a net efficiency of production of 81.9 per cent. 
In order to present the results in a iiiore logicsl form 
within the frame of the experimental design cfA to smooth out 
those radical efficiency values induced by the sany early 
large weight losses, each of the gross end net .lieasures of 
efficiency ivere combined in a >jeighted sverage. This vslghted 
average KS.s based on the relative amounts of time, nsRiely 
21 per sent for the preliiainary snc 79 per cent for the erperi-
csnt. 'd period, contributed by esch p':;rioa to she- totp.l p«.; 'iod 
of observation. As Iho literature on the efi 'iciency of piilk 
production usually hs.8 been reported on the of complete 
l&ctotions, the wei;^htsd average beccEe mors useful for com­
parative purpose!? in the Inter dincuivsion of th«> drtg. The 
vel^rhted averages for the ineasures of efficiency are pre­
sented consecutively in Table 22 pnd vdthin the 2>:psrinientRl 
desit^n in Table 23, 
The findings reported here support the previous renults 
of this cectiou. At ^nort of the IK "hay to concentrate ratio-
feeding level" positions in Table 23, the iiu^j^nituce of the 
gross and n^t efficiency valucc :;,enerBlly decrer^ed iti s Btep-
\«ise iii&nn&r from the high to the low ability rrdssds. The 
most notable exceptions to thlB pattern, as shown in Table 
£2, were the high ability cows E?10, 2553 and ;?378- They had 
hiyj. .i^ross efficiencies of production, respectively, of 10.9, 
51.4 and 42.4 per cent in ths preliminary perioc! and loy gross 
efficiencies, respectively, of 2?.l, 2£.6 end 3C.9 per cent in 
the experiiiiental period. Theee three ;?,nira;;l?. were i/^ouped 
•with the 12 ni; ';h ability covvs but their absolute rankiri;.?, 
based on the preliminrTy production of all the cov;? v;ere, 
respectively, 9, 14 and 16. 
jj 'roBi the hij^h to the loi; levels of feeding, the general 
efi 'iciency of productiori incre,esed slightly on the basis of 
Table 23. Gross and net efficiexcy of milk production as weighted average of preliminary 
and experim^ital periods 
H-75:C-25 H~55;C-45 H~35:C--65 H-15:G-g5 Average 
Level of Rfficleacy Efflei eticy Efficiency Efficiency Efficiency 
feeding Ability Cow Gross Het Cow Gross Wet Cow Gross Net Gov Gross Net Gross 
(per cent) (per cent) (per cent) (per cent) (per ccat) 
High 2553 25?.6 5^.5? 3157 35.s 56.8 2710 30.0 ^7.9 29S2 ilO.l 63.3 
High ?^ed. 2392 29.5 5I0H SbUg 32.^ 52o9 3529 3^.7 5^,8 2976 3^.7 58.2 
Lov 3^32 31»3 55.9 3263 e 
H
 50 «0 3160 27.7 U7.9 3538 35.6 61.1 
Av® 29.? 5U.0 33 = 2 53.2 30.3 50.2 36»S 62.5 32.7 55.0 
High 3266 36.2 5S.3 2600 35.0 61.5 237s 33.3 57.9 31H2 39-3 69.5 
Med 0 Med. 3U69 29.2 50.9 jkhh 33.3 5^+.^ 26U3 3H.1 71.2 3U93 Uo.o 66 «0 
Low 3hMo 29.6 51«6 3597 32,9 53.^ 3^32 3U.3 57.3 3516 35.0 59.6 
Av. 31.7 53.6 33-7 56.5 33.9 62-1 38.1 65.0 3^^.^ 59.3 
High 3272 33.3 5S.2 3291 35.3 63.7 2963 33.5 72.3 317^ HUoS 81.9 
Low Med. 3U50 31.'^ ! 3^+5?3 3U.I 57.6 312!? 3)-' .H 65.? 2606 37.9 69. f5 
Low 3302 27.0 55.3 329^ 31.3 52.0 3U39 3^ .9 60o2 2159 35.1 70, H 
Av. 30, 56.1 33.6 57.?: 35-9 65.9 39.2 7'UO 3'^.S 63.5 
Av. for ration 30.7 5U.6 33.5 55.s 33.5 59.4 38.0 67.2 3U.0® 59.3^ ' 
^Overall average for eacli measure of efficiency 
gross efficiency and by ^^r-;ater and more ecusl increaentn on 
the bssls of net efficiency. The appsrent iLcressc in ths 
efilcloncy from the high to the lor; h:^j rj ' tionn i nn 5 func-
bion of the systein of feed evsluntion (TD") ei:iployc5 to calcu­
late these values, '•fhethcr an increase in efficioncy occurs 
in this direction in dependeiit upon the ':yF;te:i! of feed evalu-
fition utilized sncl this fact ia given further conaideration 
and explanation in the section dealing v.lth the comparison 
0 f t XI e feed! n g s. t  and ? rd s. 
Table 24 presents these data in sumjiari^ed fonr ^is to 
the ability ,;;roupin,?; in the experiraentsl period pnd t?" to 
the absolute high to lov; i^roupin-f. This table shouB thst on 
t/ie basis of the j^bsolute grouyin;;:;,  as sgainst the experi-
iiiental grouping, the total differences were larger betveei) the 
hiyh and low ability cow= for both the groFo ond net effi­
ciency values for milk production. Thene diffei 'enoeE for 
gross aiid net efficiency v/ere 3.6 and 6.4 per cent, respec­
tively, for Che experimental (^roupini? and 4,4 snd 6,7 per 
cent, respectively, for the absolute grouping. In sndition, 
T,he ^roupin;^ of the animals by the latter methocl more clearly 
separated the hij^ and medium producers ap. to their groeC' 
awd net efficiency vrJ.ues, while these valuws for the aedium 
end lov; ability groups icere brought to equsl or more equal 
levels. 
OQ 
Table £4 . G-I'-OBS and net efflclencj^ of milk 
production as bssed on ability 
tSroupinic in tiie expei'iaont&l 
design and on absolute hign 
to lovs production In the 
preliminary period 
ijroGs efficiency Net sffioiency 
Pre. Exp. Weighted Pre- Exp. Weighted 
Aoility pur. pur. average per. per. avere^t? 
(per cent) 
Cows grouped on the basis of 
high 46.9 • ^ 0 • J. • & 77 .4 58.7 62,5 
i. Odium 'x.i. • jC 0 X • ci '3 '.-J • d"- 70.7 5 0.8 58.9 
ijO ^ • D < ) .C" •  70.1 52.0 56.2 
Cows grouped 
absolute hip,h 
on the oasis of 
to low production 
Pilgh 44.6 34.6 36.7 72.8 61.6 63.9 
Medium 42.0 50.3 32.8 74.2 53.4 57.8 
Low 39 .9 30.3 32.3 71.2 52.2 56.2 
The Comparison of Feeding 3tandards 
Gni aim oi tnt design of this experiiuent was to deter-
luiwS whftiler or IDK was a more consistent estin?.tor of 
tns productivity of rations composed of widely varying cuan-
titios oi' hay and concentrates. Although t.ae means by which 
and NF. values are obtained and the aode of expression of 
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their- respective values are different, they are comparable on 
thfc lollowifig^ grounds and it was on these bases thet the two 
starid^irdi; have tes/i directly couiparea in Chip >;ork. 
The theorfctical and/or absolute msinten&uce requireuente 
aettriiiiiicd for the rumiiient by both syr.tc-G ano the vnluss 
feiven by both systcifis for the ^reet majority cf the grsin 
&jiu grs-in by-product i'eeda are very fiiijiilar. It is on].y with 
li;e fout-ha^^e clase of feed stuffs that the values for the two 
Cifcthods bc;(joiu!s quite divergent. 
ihe cheiilcal ixnsilj'ses of t-.y feed stuffs were ths bf.sis 
iur fstiKr.Ciag the aige£-tioii coefficients Bid energy values 
Li-oc.. tfic t&blcs ill i'.orri6ou {6b). Tae detulled. data on the 
ciifeiulccd sec of t:.o feeds and the gvex*age vj;iues used in 
i;nj,s JLiioi' j-'eo-C--buci j,n tiie Chiiwir; c'.T'e ;^iveiA xn. -i.^oles 
-li tiifougii 40 ox' uiG i'i.ppenc.ix• In tno course or ti.'.ls uo'x'k.f 
w'nxcii bu G.nt' olof^'eEiO ^it oi uiib cn.uiiiiccil sns.** 
lytiC-s of tne feeds v.lth the published diger.tion coefficients, 
ocher feeding standards v.'ere scrutinized. It became a,j3p>?.r-
eiib uh8 b tnere ..as considerable uivtsrgeiice from standard to 
sLaiidai^d j.n oxieix' .Lndj,vio.Uc.;.i evuluaoxon oi ube teedstuiXG 
used in wiis experiiuenL. 
live feeding standards investigated can be briefly 
detjcrioed in tne light of the basic difierenceG among them, 
ine sytiteiii of i-iorrison (So) is bf.sed on the average 
aij^fc!; tioiliLy values of feeds frum trials wi'th bo tn sheep 
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anc. c?t,tlo. rchn.:?idcr (73) hns roorratcly the TD?^ 
values: ior feed; or er^cl: ru'Lin^irt r;:s;clss' aix hr" ff, fur ther 
division as t.o the diivesticility of a fee*?stuff cxterrninsd 
directly cr detoriiiineci. by 5iffereace. Ths bp.si-; of the 2K 
sygler.i ol Morrison vac deserib^c: in fee rev lev; of litern-
tui-e. lT.:e rr'.,ps (£3) productive Energy (TIE) rtrrnd^rd, ? 
modified nst-eniTgi" systcin, >;as evolve.-J t!:rouj^h e:'ten<'lve 
feeding tritla with sheep. The c&lcylr.tion of r.he fsssiinp 
value of the concentrstos and hj^^ as deterniiaed by each of 
the eystejiis described above, is prenent&d in Tsbl;; ?5. 
From this table tvo pertinent observetionp ^'C:?e 
The yroduotive value of ths aenie fB^:ds in th';: c.iicoiiIrate roix 
ran^jOd froi:; ?4.04i 'rherii-s psr ICO lb. on the basis to 61.'9 
lb. of TDIl per IOC lb. on uh8 Schneidor (by diff'srence) tan .Is. 
Table 25. Cslciilatlon of the sner-^y v'lm of the 
concentrates and hay by five methods 
TDN TDK TDT! P!I 
(Morri- ^ ^ (Morri-
Feedotuff Jion) (Scimeider)'" (Scluielder)3on) (P-.'-^p'?) 
)N/100 lb.) (Ihorms/lOO lb.) 
Concentrates 68.63 66.03 61.49 ?4.04 65.33 
Hay 50.65 49.20 49.20 41.40 37.48 
vDihestlbility not deterailned by difference 
Digestibility determined by difference 
102 
The productive value of the hay ranged from Morrison's 
50.65 lb. of TDK per 100 lb. to Frap's 37.48 Therms per 100 
lb. These large variations in the evaluation of the same 
feedstuffs were a natural stiffiulus to determine which sys­
tem v/ould most closely approach the recommended allowances 
of energy necessary to produce a pound of 4 per cent FCM 
over the entire scope of the experimental design. 
In order to compare the feeding standards on the basis 
stated above, the individual energy requirement for main­
tenance, based on the average vjeight of the cow over the 
experimental period, xms separated from the total energy 
intake. Here another observation was made. The dairy 
cattle maintenance requirements for TDN given in Morrison^ 
have included an additional quantity of nutrients calculated 
to meet the higher maintenance coats of lactation and to 
maintain the coy in a fair state of flesh. On the other 
hand, the NE maintenance requirements in the same table, 
provide only the energy required for body maintenance per 
se and these amounts are in close agreement with those 
reported by other authorities (9). Eiince these two sys­
tems of computing maintenance requirements cannot be 
equated, it would be erroneous to attempt a just comparison 
1 F. B. Morrison. Feeds and feeding. 21st ed. Ithaca, 
N.Y., The Morrison Publishing Co. 1951. Appendix. Table 
III. p. 1147. 
4 
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of the productive value of a ration calculated Dy both the 
TDN and NE niethode by the use of this single table- If the 
above vjere done with a ration, a comparetively smaller 
gjiiount of the TDN ifvould regain for productive purposes, 
as against a comparatively greater remaining t?jnount of the 
NE. The TDN maintenance requirements proposed by Brody^-
were used in place of the Morrison values. The Brody values, 
by eliininating the added costs of lactation, brought the 
maintenance requirenients for both vsystems to a comparable 
basis, 'ilie Morrison table gave the laaintenance require­
ments of a 1,000 lb. cow as 7.93 lb. TDK or as 6.34 Therms, 
whereas by the more equal basis they have become 6.75 lb. 
TDl'S and 6.34 Therms. 
The results of the comparisons of the five feeding-
standards are presented in Table 25 and 27. Each feeding 
standard reflected its particular magnitude of feeds tuffs 
evaluation. This was apparent by the comparison of the 
tabular values (Table 26) vJith O.og lb. TDK and 0.50 Therms, 
the recommended allovjances of energy for the production of 
a pound of 4 per cent FCM. The KE standards, as compared 
to the TM standards, displayed a much more consistent 
evaluation of the productivity of the four feeding ratios. 
^S. Brody. Bioenergetics and growth. N.Y., Reinhold 
Publishing Co. 1945. Chapter 15, Table 15.1, p. 478. 
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Jtiergs? re«uir«8e»»t8 for the prodastioa of a psua^ of '» per "snt ,'V;n duj 
of feecisstuff evaiuatiaa 
lev&i of 
fBediag fS!l'= fn?® pje TM ?t?4 fWi 
(11 1. m) {?heras) (11). T:$3 \ (fifeesras) (lb. Tl!s) 
Rig'fe jif; M , H J .  J/? »j< ? «(t;' .Uo i .» .••. 0../ • J r: 
.59 o9 J" 7 JT' '30 • J J  * J 1  »ji5 
Lovf .^ii 
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The trend for the increasecl efficiency of feed utilization 
was evident from the high to the low feeding levels. 
The total  feed svailable for production and the total 
amount of milk produced over the experimental period for each 
of the five feeding standards is shown in Table 27. It can 
be seen that the required sjuounts of energy for a pound of 
4 per cent FCM decreased from 0.383 lb. 'fDN iv ' ith the Korrison 
standard to 0.299 Therms with the Fraps standard. Viith the 
Fraps Btandsrd the production of a pound of rriilk required, 
from the high to the lovj hay rations, respectively, 0.30, 
0.30, 0.31 and 0.29 Therms. Within the scope of this experi­
ment, this standard agreed inoBt; closely -with the theoretical 
requirements for production. In the last column in Table 
27, the Fraps method of feed evaluation produced 0.998 per 
cent of the total theoretical production. The other feed­
ing standards from the Morrison TDM to the Morrison EME 
standards theoretically should have produced, respectively, 
119.5, 113.3, 107.3 and 119.9 per cent of the actual millv 
production realized in this experiment. 
The more detailed comparison of the Morrison TDK and 
ENE fBidding standards is presented in Table 28. Production 
of a pound of milk froir. the high to the low hay rations re­
quired, respectively, 0.439, 0.397, 0.384 and 0.329 lb. TDN 
as compared to 0.361, 0.367, 0.376 and 0.353 Therms. The 
decreasing quantities of TDW required to produce a pound of 
Taljle 25?o Gompsrison of the Morrison TIS and feeding standards on the Tjasis of the energy 
reqtiiremeaits for the production of a poimd of if per cent FOM 
Level of H-75 :C-25 H-55;C-il5 H-35 JC—65 H-15 :C-85 Level av. 
feeding AMllty Co« TIW HE Cov/ TIM UE Cow TIH HE Cow Tm NE TIN 
(Ih.) (fh.) (Ibo) (Th.) (lb.) (Th.) (Ih.) (Th.) (Ih.) (I-h.) 
High 2553 .526 .5426 3157 .3S5 .3^7 2710 .U69 .^2 29^2 •333 .35H 
High Med. 239? ok67 • 387 26^9 0U25 .385 3529 .39s .39^-^ 2976 »373 ,396 
IjO>J 3632 ,39s .329 3263 .U^9 .1406 3160 ,5+77 .U6H 3538 -369 .395 
Avo .U6U -381 .U20 .379 .liUs .Ui+o •358 • 382 .U23 .396 
High 3266 .385 .3?5 2600 .358 .317 237s .390 .383 31M2 .317 .339 
Med. Med. 3U69 .U31 .351 3U4U .^3 .366 26 U3 o35S .3^1 3U93 .322 .3^6 
Low 3Hito ,U30 .362 3597 .U13 .377 3^32 .370 .36U 3516 .36s .l400 
Av. .3^46 .391 .353 «373 .363 .336 .362 .379 .356 
High 3272 ,Ull .337 3291 .353 .315 5963 .316 .309 317^+ .259 .278 
Low Med .  3U50 ,U36 .360 3U53 .37'^ .337 3123 .331 .32^- 2606 .295 .3ll|-
Lov,* 330? .U69 • 375 329^ .^10 .363 3^39 .3^7 .3kh 2159 .322 .350 
Av. 
-.^39 .357 .379 .33^ .331 .326 .292 .31U .360 .33^ 
A .V. for ration .^30 .361 .397 .357 .33^ .376 .329 .353 • 387^ .362^ 
^Overall average for each of the t' o feeding standards 
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milk by this and by the other TDM standards, when moving 
from the high to the Icf' hay retlcnF, revealed thpt the 
productive value of the hay was over-evaluated by these sys­
tems. Conversely, the conal.-itent values for the and PIC 
stgiidards! reveal.ed that there systems gave a :nore proper 
evaluation to the productivity of feeds varying so widely 
in nature and in the proportions of the recognized nutri­
ents. The production of a pound of milk from the high to 
the lev levels of feeding by the TDK &nd ENS systems required, 
respectively, 0.423, 0.379 and 0.360 lb. TON and 0.396, 
0.356 and 0.354 Therms. The identical requirements for the 
animals grouped on the basis of high, medium and lov/ produc­
ing ability viere, respectively, 0.375, 0.584 and 0.402 lb. 
TDN and 0.349, 0.358 and 0.377 Tlicrrms. 
The data for TDN and for KRE in Table 28 were subjected 
to 8ii analysis of variaice and the results are shorn in 
Tables 29 and 30. With TDN, the test for the effect of 
the hay to concentrate ratios (Ration) upon the resuire-
inents for milk production was significant at the 1 per cent 
level, whereas this test with ir.NE was non-signific.snt. The 
test for the effect of the level of feeding upon the require­
ments for milk production wan significant at the 1 per cent 
level in both cases. The test for the effect of the ability 
of the animals upon the requirements for nillk production 
was significant at the 5 per cent level in the case of ENE, 
lOB 
Table 29. Anslyai 
produce 
s of variance: 
a pound of 4 
I Pounns 
per cent 
of TDN to 
FGM 
Source of 
V arlane e d .f. 
Sum of 
squares 
Mean 
square J .  
Ration 3 0,056 0.0IB7 £0. 
Lftvel 0.024 0.0120 13. 
Ability 2 0.004 0.0020 2.2£ 
R' X L 6 0.010 0.0017 1.89 
R X A 6 0.007 0.0012 1.33 
A X L 4 0.004 0.0010 1.11 
H X L X A la 0.011 0.0009 
Total 35 0.116 
Table 30• Analysis of variance: ThennB of KE 
(Morrison's ENfc; basis) to produce a 
pound of 4 per cent PCM 
Source of Sum of Mean 
variance d .f. squares square F 
Ration 3 0.003 0.0010 1,72 
Level 2 0.024 0.0120 20.69^^« 
Ability £ 0.006 0.0025 4.3r.^ 
R X 1; 6 0.008 0.0013 £ • 24 
R X A 5 0.008 C.0013 2.24 
A X L 4 0.002 0.0005 0.86 
R X L X A 12 0.007 0.00058 
To tal 35 0.057 
i'P <l0.05 
'^••J^P-CO.Ol 
tul vas non-signific;3.rii v^ith TD;i • This var'i£.ble result sug-
gestfd that among cov/s of varying abilities, wheu p.rouucticn 
••W'ls expressed as the necessary tc produce a pound of 
Kill£, tiis differences among the ability grcuplngs vzve re­
duced to a smaller seals. Thus the trenao in the efficiency 
oi production among the ability groups vere not as definite 
as when the total input of feed above maintensnce and the 
total output of ailk uere consider rid. 
The final view of thec-e data established the iragnitude 
of the relationohlp betv;een the feedstuff 8Vpluat:lon by 
various standards .and the result,ing nllk viroduction. In 
each relationship the dependent variable (Y) w^s the aver­
age daily 4 per cent FGM for each c o v j  over the experiwental 
period. The independent variable (X) was the average daily 
qua,ntit;y of feed energy available for railk production over 
tiie aarae period. The independent variables in these cor­
relations were the ctandardn of TDN by Morrison and by 
5celder (not by difference), EKE by Morrison and PE by 
Fraps. The correlation coefficients for TDK by Morrison and 
by Schneider >,'erc:, respectively, r = .44S and r = -424, 
while those for Morriaon's EKE and Frap-:;' pE were, respec­
tively, r = .715 and r = .599. 
All the above correlations were significant at the 1 
per cent level, for there obviously existed a strong rela­
tionship between feed input and milk output by whatever 
110 
system was used. However these results pointed out the 
greater relative rao.gnitude of the correlo.tions betveen I'eed 
input and milk output for the and p'C stsndards as com­
pared to those for- the TDN standards. 
fhe coefficients of deteruiination (r'^-') for the xDK 
s'caridards o£ .Korriaun and Schneider were, respectively, 
r"^ = .199 and r'"' = .132, while those for tiorrison's ENE 
C ,  O 
and F'raps' PE were, respectively, r' '  = .513 and r"' = .489. 
Ihese v&lues indicated thet in ihe cese ol the net energy 
systesns Eb;;ut one-half of the total variatility iii rrlllv 
production vias associated linearly with the independent 
variable. Hoviever, in the case of the T'Di^l systerus only 
about one-filth of the total variability in iTdlk production 
was associated linearly i';ith the indspenaen'c variable, where­
as a very great portion of this variability v/as independent 
of the TON ci&thcds of feed evaluation. 
The Digestibility Study 
i'he detailed data relative to this work are found in 
the follovjing lableri. Table 5 describes the scheduling, 
grouping and tiininj^; of the aniiiials in this study. Table 
68 of cne Appendix gives the cheaical analyses of the feed-
stuffs for each of the digestibility trials. In Xable 5S 
of the Appendix are recorded the digestibility coofiicients 
Ill 
for the feed oonstltuents and the quantities of chrofflic 
oxide ingested and excreted for each '•Jamplo-
The dlgsstlbillty dnta rpc eu;nffi£?rizefl in Tsi'des 31, 32 
and 35. Each value in Table 31 is an average of tne analyse 
of nine fecal saiuolefi, or an svorage of fae total number ool 
lecttQ uhero a s<r,L.yle could not be obtained for each tliie 
period. table 32 coiiiDines the data on the basis of the 
three covjQ &t each feeding level end at each ability group, 
acrass the four hay to concentrate ratios. Table 33 pre-
GejjoS Li'ie iiiiOx CO'iibj.ni;bioii ox ji-.e o.cii£ ou cue Dcifji?. ol une 
12 ooys ot eivch rtedijig level a^id at esch ability ^roup and 
iihon presentf? the over&ll di^eetifcility of each feed consti­
tuent for the 36 cov;s. 
The Gtatistic?'.l anslyses of the digestion coefficients 
for dry ajitter, protein, ether ejitract, ci'ude fiber ano 
nii^rogcii-free tAtract ai-o preoentea consecutively in Tables 
34, 35, 33, 3? and 33. Each enslyeis broUi;;ht within its 
scope toe five sources of variance in the data, nanely; 
the ration fed, the level of feeding, the ability of the 
anijial, the day of collection and the tiac of c.cy at unich 
the collection vjob made. Only the fecal collectiono .;;ade 
at 9 A.M. and o ?.M. for each of the three days of the 
di-'eL-tion trif.J. v;ere uBed in uliyne an/lyseo. The collec-
tioua irU 5 jfi.A'i., 1 r.K. and 9 P.M. on tlie second 6ay wore 
omit Led for they could not be broup:ht into the decign of 
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Table 31« digestion coefficisits averaged over the tott^I number of feosl SPJI 
Level of H-75.-C-25 H-55 
feeding AMlity Gov; D.M. Prot. !E» C.F. H.F. E. Cow D.M. Prot. E. 
(per cait) (per 
High 2553 53.06 50.6^1 IS.99 16.78 66.71 3157 53.33 57.8U a. 
High M ediuffl 2392 52oS5 2.91 15.23 71.21 261^9 58.57 71.11 36. 
Low 3632 55o55 JO.Oh 13.77 38.59 58.32 3263 60.71 62.72 34. 
High 326G itg.52 ^n.71 -10.Ho 27.72 6l»6o 2600 57.50 59.53 38. 
Medium Medium 3l^69 55.56 57.25 lg.33 kk.Gl 57.19 3iAi^ 64. 66.71 48. 
Lot' 3UIJ0 50. PH 53«oi4 19.96 3U.65 5goOO 3597 63.0^ 73.^1 50. 
High 3272 58.21 71.27 23.93 ^41. 52 61.52 3291 60.I16 66,9s 19. 
L0V7 M edium 3^150 560I2 59.59 -5.75 50.27 55.88 3'+83 56 .1^i 64.93 30. 
Low 3302 55?.6S 59.6? 22.59 liij.67 65.79 329^ 52.37 59.91 20,' 
Tahle 32. The digestion coefficients averaged 
three cows; ration coeffici®ts are 
as to level of feeding, producing 
e.'3ch aa average of nine cows) 
Level of H-755G-25 H-55 
f eeding AMlity JiMc Prot. E. 1. C.F. N.P.E. D.M. Prot. E. 
(per cent) (per 
High 51 ll.?9 23.53 65.^1 57.5'i 63.89 30.' 
M editua 51.37 50.67 9.30 35.68 58.93 61.65 66.55 45,! 
Lov; 57.67 63.51 15.26 61.06 56.32 63.94 23.: 
High 53.19 5^.5^ 12.51 28.67 63.28 57.10 61.45 26 .1 
Medium 55.51 56.56 5.16 36.72 61.U3 59.70 67.58 38.: 
Low 5^.82 60.92 18.77 39.30 60,70 58.71 65.35 35.. 
Average for ration 5^.51 5h]>^ 12,15 3^-90 6l«gO 5S.50 6^.79 33^ 

he total number of feo?;l gsmples for each cov and arranged \dthin the experimental design 
H-55:C-^5 H-35!C-65 
Gov D.M. Prot. E.S. O.F. H.P.E. Cow D.M. Prot. E. 5:. C.F. K.F.E. Co'l'. 
(per cent) (per cent) 
3157 53.33 57.3^' a.73 Ho. 23 57.54 2710 60,53 53.15 41.79 37.17 69.80 298? 
2Sh3 58.5? 71.11 36.91 37.13 60,19 3529 6g.09 65.35 39.50 44.53 73.87 297^ 
3263 60.71 62.72 3^.31^ 3^^.32 66.21 3160 46.27 50,69 31.20 11,39 5^.15 353^^ 
2600 57.50 59.53 33.25 l{C.3g 60,53 2373 60.03 57.33 39.16 29.69 71.35 314? 
64, l«) 66.71 51,90 67.45 2643 51.99 57.39 27.73 16.39 62.4s 3493 
5597 53.0^ 73.i+i 50.31 kS.5^ 69.80 3^32 55.67 64.33 37.90 26,20 61.36 35lf 
3291 6o»^ 66.93 19,113 11-9.73 62.72 2963 56.00 65.69 34.02 35.44 59.49 3174 
3^S3 56. iH 64»93 30.30 33-33 63.41 3123 46.26 56.93 36.75 16.02 1+3.57 26of 
3291^ 52.37 59.91 20.61 39.39 54.70 3^39 52.19 64.24 23.32 26.53 53.31 215? 
level of feeding, producing a'bility and ration (level of feeding and producing aMlity ooefficif 
n average of nine cows) 
H-55:C-45 H-35:C-65 
O.M. Prot. E.E. G.F. N.F.P. D .M. Prot. E.E. C.F. 
(per cent) (per cent) 
57.5H 63.39 30.99 37.2=+ 61.35 53.30 53.23 37.50 31.03 67.61 
61.65 66.55 116.1+5 65.93 55.90 59.37 34.95 24.09 65.2i|-
56.32 63,9^ 23.U5 lK).83 60.23 51 .4g 62.29 31.36 26.00 55.^6 
57.10 61.1-I5 26.^7 43.61 60.30 53.35 60.57 33.3? 34.10 67.05 
59.70 67.5? 33.56 liO.32 63.63 55.45 6n.n6 34.63 25.65 63.31 
53.71 65.35 35.25 40.09 63.57 51.38 59.75 30.81 21.37 57.95 
53.50 61^.79 33.^3 41.51 62.52 55.23 60.13 34.60 27.04 62.77 

sxreaged witMn the ejcperimoital dssi^H^ 
5W 
H-35JC-65 
Gov; 
H-15JC-85 
O.M. Prot. l.E. C.F. N.F.li:. D.M. Prot. I.E, C.f. ¥.F.I. 
(per cent) (per cent) 
LO 60.53 5^.15 41.79 37.17 69. SO 2982 58.29 70.29 56.80 27.91 59,32 
58.09 65.35 39.50 44.53 7S,.?7 2975 58.46 72.90 36.91 12.73 62.74 
50 ^.27 50,69 31.20 11.39 54.15 3535? 63.70 64.69 55.77 18.96 73.85 
So, 03 57.S8 39.16 29.69 71. 3142 70,14 79.57 57.85 40.66 73.30 
^3 51.99 57.39 27.7s 16.39 62.4?! 3493 61.27 77.59 59.39 11,94 65.43 
>2 55-67 64.33 37.90 26.20 61.36 3516 54.97 61.13 46,63 -11.91 67.62 
53 56.00 65.69 34.02 35.44 59.49 3174 62.87 72,01 67.49 16,66 69.89 
?S l}6.26 56.93 36.75 16.02 4g.57 2606 65.79 79.05 49.11 26.12 70,54 
i9 52.19 6k. 2h 23.32 26,53 58.31 2159 72.73 75.88 59.65 43.42 76,87 
rel of feeding snd producing aMlity coefficients are each an average of 
E-35;C-65 H-l5;C'g5 
D.M. Prot. E.E. C.F. I. P.:?. D.H. Prot, E.E. G,F. W.F. F. 
(per cent) (per cent) 
58.30 58.23 37.50 31.03 67.61• 60.15 69.29 49.83 19.S7 65.30 
55.90 59.S7 34.95 24.09 65»2'i- 62.13 72.76 54.62 13.56 68,78 
51.48 62.29 31.36 26.00 55.46 67.13 75.65 5S,75 28.73 72,43 
58.85 60.57 3S.32 34.10 67.05 63.77 73.96 60.71 28.41 67,50 
55.45 6n.o6 34.68 25.65 63.31 61. B4 76.51 48.47 16.93 66.24 
51.3s 59.75 30.81 21.37 57.95 63.80 67.23 54.02 16.82 72.79 
55.23 60.13 34.60 27.04 62.77 63.10 72.57 54.4O 20.72 68.84 
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Table 33. Sunmiary of mean digestibility coefficients 
I.evel of 
feeding Ability D.M. Pr-ot. g.U. C.F. N.P.E 
(per cent) 
High 57.63 52.31 32.55 27.9,2 64.92 
Medium 57.77 62.46 36.18 29.95 64.72 
Low 58.17 66.35 32.21 35.26 62.31 
High 59.23 62.63 34.50 33.70 G4.5o 
ilcdium 53.1-3 65.18 31.7£ 30.05 63.67 
Lo'\' 57.18 GO.,51 34.71 29.40 63.75 
Overall average 57.85 63.71 33.65 31.04 63.98 
the etfitij^tical anrilysis. Diiice the ii,ean square for days 
;•;?!? sictll in. each of th- ant-lyses, the 2, 3, 4 and 5 factor 
Interactions v;ith Aeys ••/ere pooled and used as the 
error term in aiakint.; teste of sigaificance. For the few 
times flhen a fsccl sainuis could not oe obtained, the values 
for the roissing dat-? v/ers calculsted according to the 
method of Snedecor.^ 
A general viiv of the overall results of these diges­
tibility data revialeu that ti:e type of ration fed had Ghe 
^George Snsdecor. StstiGtiCKl jjiethoda. 4th eO.. Aiues, 
lovia, lov;a State College Press. 1946. 
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Table 34. Analysis of variance: 
of dry matter 
Digestibility 
Source of 
V ari anc e d.f 
Sum of 
squares 
Mean 
square F 
Ration 3 24,505,153.15 8,168,384.38 23.712^^^^ 
Level 2 184,221.40 92,110.70 0.267 
Ability 2 195,440.51 97,720.26 0.284 
R X L 6 20,670,608.04 3,445,101.34 lO.OOr:^-:^ 
R X A 6 10,400,910.49 1,733,485.08 5.032-^^« 
A X L 4 5, 629,210.46 1,407,302.62 4.085« 
R X L X A 12 26,802,445.32 2,233,537.11 6.484-"-:' ' 
Days (D) 2 1,767,647.26 883,823.63 2.566 
Time of day (T) 1 15,111,831.13 13,111,831.13 38.063-''-!^ 
T X R 3 533,660.90 177,886.97 0.516 
T X L 2 827,508.23 413,754.12 1.201 
T X A 2 843,097.90 421,548.95 1.224 
T X R X L 6 2,198,943.96 366,490.66 1.064 
T X R X A 6 525,248.96 87,541.49 0 • 254 
T X L X A 4 509,576.24 127,394.06 0.370 
R X L X A X T 12 4,694,935.68 391,244.64 1.136 
Pooled inter­
action with 
days 142 48,915,724.74 344,476.93 
Total 215 162,316,164.37 
0.05 
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Table 35. Analysis of varlanct 
of protein 
Digestibility 
Source of 
variance d . f .  
Sum of 
squares 
Mean 
square 
Ration 3 72,761,065.89 24,253,688.63 99.950^"^ 
Level 2 4,579,217.52 2,289,608.76 9.434''"!-
Ability 2 1,181,565.02 590,782.51 2.434 
R X L 6 19,590,245.59 3,265,040.93 13.453^^':^ 
R A 6 13,922,963.86 2,320,493.98 9.561«-"' 
A X L 4 10,237,402.46 2,559,350.62 10.545-
R X L X A 12 44,191,405.32 5,682,617.11 15.173^:---
Days (D) 2 404,245.58 202,122.79 0.B53 
Time of day (T) 1 12,277,027.86 12,277,027.85 50.584-"-« 
T X R 3 1,932,305.96 644,268.65 2,655t 
T X L 2 905,372.52 452,836.26 1.866 
T X A 2 393,121.46 196,560.73 0.810 
T X R X L 6 2,530,442.00 421,740.33 1.738 
T X R X A 6 742,132.40 123,688.73 0.510 
T X L X A 4 453,605.33 113,401.33 0.467 
H X L X A X T 12 2 , 6 6 6 , 524 . 02 125,936.45 0.519 
Pooled inter­
action -witfi 
days 142 34,464,205.75 242,705.67 
Total • 215 223,233,649.33 
0.05 
•i^'J^P^O.Ol 
t Appro aches p^O.06 
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Table 36. Analysis of variance 
of ether extract 
; Digestibility 
Source oi' 
variance d .f 
Sura of 
squares 
Mean 
square F 
Ration 0 463,646,238.82 152,882,079.61 82.3 64 
Level O 12,206,108.02 6,103,054.01 3.288^:-
Ability £ 11,808,705.74 5,904,367.87 3.181'^ 
H X L S-i 67,887,625.06 11,314,604.18 6.09 
R >: A 49,257,733.54 6,209,622.£2 4.423»-!' ' 
A X L 4 i-i i  25,934,701.74 f. 
6,483,675.44 3.493*:>-:f 
R L A A ill 68,361,551.07 5,696,795.92 3.069";' '^' ' 
Days (D) 2 5,744,284.36 2,872,142.18 1.547 
Tiaie of day (T) 1 46,066,027.78 46,066,027.78 24.818« 
T X R 3 263,965.87 87,988.62 0.047 
T X L 2 2,900,362.96 1,450,181.48 0,781 
T X A 2 191,798.68 95,899.34 0.052 
T X R X L 6 10,708,665.44 1,784,777.57 0.962 
T X R X A 5 S,710,:y99.65 1,451,733.28 0.782 
T X L X A 4 785,056.62 196,264.16 0.106 
R X L X A X T 12 14,173,741.83 1,181,145.15 0.636 
Pooled inter­
action with 
days 142 263,576,011.64 1,856,169.10 
Total 215 1,047,222,988.62 
0.05 
•'^•"•P<0.01 
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Table 37. ^-^nalysie of vai'iarice: DigeatiDillty 
of crude fiber 
Source or Sum of Ikaii 
variance d. .1'. squares squsre F 
i^a b 0 n 0 1 ^ ^  >^00^ A, o 0 _L 43,328,437.44 35 .609'-^^ 
JjdV cJi. 2 14,132,552.12 7,091,270.06 5 .828^^^^ 
i 'iOiiity 2 8,413,343.95 4,209,174.48 3 .459-5'' 
R X L 6 67,G48,S53.99 11,274,309.83 9 .  266'' ' 
ft X A 5 43,060, 'i' i  6.83 9,010,122.30 '0 -5a3^>^:-
A X L 15,7o2,226.80 4,933,056.70 4 .054^>^:-
rl X L X A 12 151,550,303.53 12,637,525.29 10 . 306''-" 
Bays (D) 2 9,255,580.67 4,627,780,34 3 . 303^^ 
iiix.e of day (T) 1 4o,106,694.51 43,108,694.51 35 , 4 28'''' 
I X R 3 4,733,313.68 1,577,771.23 1 .297 
T X L 2 675,771.35 337,885.32 0 .278 
T X A 2 2,400,935.02 1,200,467.51 0 .987 
1' X H X L 6 6,473,383.85 1,078,897.31 0 .837 
i' X R X A 6 2,411,090.23 401,848.37 0 .330 
T X L X A 4 4,148,465.12 1,037,116.53 Q .352 
R X L X A X T 12 21,040,725.41 1,753,393.78 1 Jm .441 
Pooled inter­
action with 
clay s 142 172,785,347.33 1,216,798.22 
To Gal 215 706,711,628.20 
<^P<0.05 
0.01 
iia 
Table 38, "nalysis of variance: Digestibility 
of nit'rogeri-free extract 
Source ol' 
variance d-f. 
Oum of 
squares 
Mean 
squ£re 
Ration 5 19,108,025.76 6,309,441 .92 12 .872-^^ 
Level p 4,808,130.08 2,404,065 .04 l' 1 
Ability O 541,823.70 320,911 .85 0, .951 
R -X L 6 33,292,098.40 5,548,683 .07 16 .4 40'-^ 
R X A 6 18,347,181.67 3,057,863 .51 C; . 060-^ •• 
^ 4 9,855,327.89 2,463,331 .97 ri . 299'' 'f 
H X. L x L 12 31,725,994.96 2,643,632 .91 fy 1 
Days (D) 2 966,213.45 483.106 < t*7 i". a / .C 1 .<.31 
Tiirie of day (T) JL 6,731,357.23 6,731,357 .23 1 C-. .9444;-# 
1 X R 3 1,058,912.08 356,304 .03 ] .056 
T X L 'C 2,009,984.34 1,004,982 .17 n Cj .978 
T X A c 1,356,697.22 679,348 .61 2 .010 
T X R X I, 6 2,743,698.29 458,11c .38 1 .357 
'i' X Yi X A 6 1,356,956.97 226,159 .50 0 . 670 
T X L X A 4 778,026.42 194,506 .60 0 . 576 
R X L X A X T 12 7,195,978.28 599,664 .86 1 .777 
Pooled inte: 
action with 
days 
r-
142 47,925,875.22 337,506 .16 
Total 215 189,915,561.96 
^:'-p<0.05 
greatest effect on tho extent to the dry mntter was 
digested and, to a degree, affected the extent to which some 
of the individual nutrients v/ere digested. Level of feeding 
also affected the extent to which the nutrients were digested, 
thouijli this effect was noi; exerted in as orderly or as con-
si u tent a manner ss was the ration effect. Th:- s;iiallef?t 
effect upon nutrient digestibility was sttributatale to the 
ability of the animals. 
From the high to the ].o*'j Viay I 'stions, the dry matter 
digestibility coefficients (Table 3l) i^ere, respectively, 
54.51, 58.50, 55.23 and '53.10 per cent. The nine co'ws at 
the 35:65 hay to concentrai:e ratio showed a lov.'erinp; of dry 
,aatter digestibility against the general rise, the amount 
of hay in the rations was decreased. The effect of tlie 
level of feeding on dry matter digestibility (Table 34) was 
non-significant, as there was no consistent pattern aniong 
the cows at the different levels of feeding. For exaaiple, 
at the 15:85 hay to concentrate ratio the dry matter diges­
tibility ascends from the high to the low level of feeding, 
while at the 35:65 ratio it descends from the high to the 
lovi. ihe effect of the ability of the animals, as based on 
their performance in the pr'eli.niinary period, on dry matter 
digestibility was non-significant• These differences among 
Liie high, laediuiii and low ability animals were conalstenily 
amall• 
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Frotein digestibilit , ,v (labie 35) generally followed the 
cane pattern or results az did dry :natter digcctitllity 
across the hay to concentrate ratios and showed a similar 
deprosGion in protein aigeGtibi l i ty  at the 35:65 ratio, 
iiowsver, the effect of t . ie level of feeding upon protein 
digestibility was significant at the 1 per cent level, and 
there was a consistent pattern of Increased protein diges­
tibility from the high cj ths loi '^j level of feeding (Table 
ol).  Ihe test of the effect of ability for ohis  nutrieiit  
ij&s i ton-significant and followed 'Ghe results presented in 
the data for the dry matter digestibility. 
Ether extract digestibility (Table 36) increased Irom 
tiie high to the low hay rations and age in the ration effect 
was significant at the 1 per cent level. These values rose 
from 12.15 per cent on tne high nay ration to id.43, 34.60 
and 54.40 per cent, respectively, as the ha/ in the rations 
decreased. 'The fairly orderly increase in ether extract 
digestibility was broken at the 55:65 ratio, vrtiere i t  re­
mained at the same level as at the 55:45 hay to concenDrate 
ratio. The effects of the level of feeding and ability upon 
ether extract digestibility were significant at the 5 per 
cent level. However, a study of Tables 31 and 32 revealed 
that,  though the differences were fairly large, they did not 
proceed in a consistent fnarnier as related to the high to low 
ability groupings. For the evaluation of the magnitude of 
these variations, i t  appeared that a more valid criterion 
than the tests of significance, in this esse, WRS the oom-
parlsua of the mean squares concerned. In this caee, the 
ri:ertn square for the ration effect vgp about 25 tiroes greater 
than that for either the fecdin;^ level cr ability, liie very 
low values for the ether e.xtract on the high hay ration 
appeared to be due to the large amount of pigmente and other 
non-lipid constituents r(iCovored in the analytical procedure 
and considered as part of the; l ipid fraction of the fcces. 
The effect of the r;-tion on crude fiber digestibility 
(Table 37) was significfint at the 1 per cent level and the 
values from the high to the .low hay rgtj.cns v:ere, respective­
ly, o4.90, 41.51, 27.04 and P,0.7g per cent. The effect of 
•Che level of feeding was significant at the 1 per cent level 
and, while these differences v.ere ijot alv/ay=',  consistent in 
one direction, there was a trend for greater cr^ide fiber 
digestibility by the oox-jb at the low le'»fol of feeding. 
The effect of the ability of the aniinflls on the diges­
tion of crude fiber was significant at the 5 per cent Ir^vel. 
I t  was only in this ease that productive f^bility could be 
rclfcted to digestive ability. At three of the four hay to 
concentrate ratios, ariinals of higher ability had the higher 
crude fiber digestibility coefficients. This is seen in 
'i 'able '52 and is further sumniarized in Table 33. However, 
this pattern was reversed at the highest hay ration where 
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crude fiber digestibility increased from the high to the low 
ability animals. 
The results which seem to explain this reversal are 
presented in the following manner. The three animals of 
low ability on the high hay ration generally consumed smaller 
total aiBounts of hay than the high and medium ability ani­
mals on the same ration. The greatest total consumption of 
hay seemed related to a lowered crude fiber digestibility. 
This was due possibly to the more rapid passage of feed 
through the digestive tract and, consequently, due to the 
shortened time interval for bacterial action upon the 
fibrous constituents. The relationship of very high hay 
intake and lowered crude fiber digestibility was supported 
by cows 2553 and S392 (high and medium ability cows, re­
spectively, at the high level of feeding). These cows con­
sumed the greatest amounts of hay during the digestibility 
trial and had the lowest crude fiber digestibility coeffi­
cients of any of the nine cows on this ration. 
It  has been pointed out that the 35;65 hay to concen­
trate ratio showed a tendency toward the depression of the 
digestibility of the ration nutrients. Using crude fiber 
digestibility as an example, the fact of this depression of 
digestibility was substantiated by the following reasoning. 
It  would be reasonable that a ration, which contained a . 
ratio of 1 lb. of hay to 1 lb. of concentrates (35:65), 
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^vould have a crude fiber digestibility more l ike that of a 
ration which contained a ratio of 2 lb. of hay to 1 lb. of 
concentrates (55:45) than to a ration which contained a 
ratio of 1 lb. of hay to 2.5 lb. of concentrates (15:85). 
This, however, was not the observed result.  The crude fiber 
digestibility of 27.04 p(3r cent at the 35:65 ratio was 
closer to the highest concentrate ratio (15:85) of 20.72 
per cent, than to the 41.51 per cent at the 55:45 ratio. 
These results aiid their interpretation indicated that crude 
fiber digestibility was depressed at the 35:65 hay to con­
centrate ratio. 
Since nitrogen free extract (NFE) was not an Independent 
analysis and was determined by difference, the digestibility 
values for this feed component depended in part upon the 
magnitude of the other directly determined constituents in 
the feeds. Therefore, the results of the statistical ana­
lysis (Table 38) followed largely the same trend as for the 
other feed constituents. The effects of ration and of the 
level of feeding upon the digestibility of KFE were signifi­
cant at the 1 per cent level, whereas the effect of ability 
was non-significant. As before, the significant effect of 
the level of feeding was associated more closely with abso­
lute differences among groups of cows at the different feed­
ing levels than with any consistent trend of an increase 
in NFE digestibility, from the high to the low levels of 
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feeding. Only at the highest concentrate ration, where the 
greatest proportion of the nutrients was in the forra of KFE, 
did this fraction increase in i ts digestibility percentage 
from the riigh to the low level of feeding, line 35:65 hay 
to concentrate ratio interrupted the generally ascending NFE 
values from the high to the low hay rations. This ratio 
had a NFE digestibility value equal to that of the 55:45 
ratio, though the total amount of the componenTis considered 
in the NFE fraction had increased considerably in moving 
froia a ratio of Z lb. of hay to 1 lb. of concentrates to a 
ratio of 1 lb. of hay to 1 lb. of concentrates. 
The Chromic Oxide Excretion Study 
The pattern of chroinic oxide excretion is presented in 
Figures 12 and 13, Figure 12 presents the excretion curve 
of each cow v. ' l thin i ts "hay to concentrate-feeding level" 
position. The average excretion curve for each hay to con­
centrate ratio and for each feeding level and the overall 
excretion curve for the 36 cows are suraraarized in Figure 13. 
The consideration of these graphic data and the indirect 
supporting evidence by the statistical analyses of the 
digestibility data provided three principle findings. The 
first finding showed that for more than two-thirds of the 
cows the maximum excretion of chromic oxide was observed in 
Figure The fecal excretion patterns of chromic 
oxide over the three-day collection period 
Legend 
Hay to concentrate ratio 
Feeding level H>75;C-25 H-55;C-45 H-.v35:C-65 H-15:C~85 
Graph no. Graph no- Graph no. Graph no. 
High 1 4 7 10 
i ' led. S 5 8 11 
Lom 0 6 9 12 
Ability of cows 
H ~ High 
M -  Medium 
L -  Low 
300 
DAY I  DAY 2  DAY 3  
TIME OFCOLLECriOW 
s  S  2 S S S S  S  3 ei<3Q.aa <1 
m g) — 10 
250-
200  -
150 -
1 1 
'  /V t;  i 
^3632 
/f5W^ 
250 
200 
150 
DAY I  DAY 2  DAY 3  
TIME OF COLLECTION 
S s  2  S S 2  S <4 <I 0. Q-
-  0) ~ ^01 
1 1 A ' ' 1 1 
3263 
NX J 
CN
J 
3157 
oi 
S 
O 200 2600 
H-H16H 
M-MEDIUM 
L-LOW 
1 X = APPROXIMATION OF MISSING VALUE |  50 

DAY I  DAY 2  DAY 3  
TIME OF COLLECTION 
2  S  S S 2 S 2  S  
<  a  < < s c L a a  d  0) lo mm-irim oi 
3 5 0  
300 
250 -
200 
\M ' 1 1 1 1 1 1 1 
-
3529 
V 
 \ / /2710A 
L„.#  ^ 3160 
DAY I  DAY 2  DAY 3 
TIME OF COLLECTIOM 
S S a Q. 10 
350 
250-
S S S 2 £ 
<3 «j CL Q- a 
J 1 
\ l  
n n 1 
x^3530 
•JIH/ 
•\^2982 
8. 
350 Ol 
O g 
•N. 
o 
CO 
o 
o» 
300 
250 
200 
1 1  
A  '  '  '  1 1 
3432 
_ \L  > 
•-iU/ 
2378  ^  
2643'^« 
425 
tfl  
LJ 0 lU 
li. 
01 
O O 
v 335 
fO 
O 290 (VJ 
1 1 
' ' A ' ' 1 1  
J *3142 
\f/ A i /  
/^493 /  
3516 
X 

Figure 13. Summary of fecal excretion patterns of chromic 
oxide over the three-day collection period 
Figure 13a. Averat;>;e of nine cows at each of the four 
hay to concentrate feeding ratios 
Figure 13b. Average of the 12 cows at each of the 
three feeding levels 
Figure 13c. Average of the 36 cows on the experiment 
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samples at 5 A.M. and 9 A.!-;,  while the miniauni excretion vbs 
observed in sairiples at 5 p.K. end 9 P.M. The orderly de­
crease in excretion from 5 A-M. to 9 P.M. is test shoKn by 
the descending curve during the second day oi" the trial when 
aiore irequent collection!?, were made. The digestibility di-.-ta 
for 5sch feed constituent used in the statistical analyses 
(Tables 34 through 58) vjere a function of the amount of 
chromic oxide present in the feces. These an&lyses showed 
that the effect of the collection ti.T^e upon the digestibility 
of the nutrients vjas significant at the 1 per cent level. 
A number of cows deviated from the predominating excretion 
pattern, but usually did so for only one day of the three-
day collection period. Four cows, 3450, 3160, 3538 and 
£159 (Figure 12) at 75:25, 35:65, 15:85 and 15:85 hay to 
concentrate ratios, respectively, exhibited an excretion 
pe.tteru vjhich was essentially reverse to that of the o ther 
animals. With these four cows, usually through two of the 
three days of the collection period, the maximum chromic 
oxide excretion vias observed in samples at 5 P.M. while the 
fflinimum excretion \ms oLiserved in samples at 5 A.M. 
The second observation was the consistent overall 
excretion of chromic oxide from aay to day. ihis is best 
shown by tne data summarized in Figure 13. This result Vi?a3 
substantiated further by the statistical analyses. The 
effect of the day of collection upon the digestibility of 
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the nutriente was non-slgnifleant except in the case of the 
crude fiber. With this constituent the day effect was sig­
nificant at the 5 per cent level. Ihese results indicated 
that the chromic oxide had been fed in a unlforin manner, 
that i t  had been thoroughly distributed in the ingesta and 
that,  at the time of the collection, i t  ¥as being excreted 
uniformly from day to day. 
The third finding was the generally increasing vari­
ability in chromic oxide excretion vjith each collection from 
the high to the low hay rations and from the high to the lovj 
levels of feeding (Figure 13, parts 13a and 13b). Despite 
the increasing variability betv/een collections, under the 
above cited conditions, the typical excretion pattern still  
was apparent- This increase in variability is graphically 
illustrated by graphs 11 and 12 in Figure 12, where the 
scales of the abscissae vere reduced in order to accommodate 
these graphs. 
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DISCUSSION 
The Relationsiiipa aaon? the Amount of Feed, 
tiie Milk rroducuion and tiie Abllit:/  of the Animal 
Ic some of the ori^lniil  quories pref^ented to thiR body 
of data, i t  h,':c been possible to .95:y: "This is why." But 
the data have been equally successful in Closing additional 
questions- Tiig cardinal point vvhich cannot be fully answer­
ed cy these data, but ' .-. ' i i ich can be intensively discussed is 
stated as follows. A number of tee cows of high producing 
ability, as based on the prelirrdnary period, were able to 
produce more iiiilli  than cov;s of ff.ediuin producing ability on 
the ssme quantity of feed energy above maintenence. The 
seven pairs oi '  COV;G self.-cted for thin discussion are those 
which >;ere fairly comparable on ths basis of body weight, 
of ai£,e, of placeiient in box stalls or stanchions and of the 
time of the year on the experiment. With one justifiable 
exception, tne low ability group was omitted from these 
coiiiparisons for they frequently were of smaller size and, 
in a fevj cases at tne high rourihsge or high feeding levels, 
v^ere not able to consume the entire ration allotted to them, 
ihe iudi^'idual data on each pair of QOVS and that suniraariz.ed 
ror the seven pairs is presented in Table 39. 
Ihese data encompassed the last 22 i^'eeks of the experi-
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Table 39<' ^'eed input, milk output and related measurements for seven pairs of hi 
Ability Cow 
Hay:Cone, 
ratio 
Feeding 
1 evel 
Peed input 
above maint.^ 
Fffl 
output®' 
Av. body 
"5?eight 
••height 
change^ 
Dry mat 
dig. 
(Therms) (lb.) (lb.) (lb.) (per oe 
High 
M ediuni 
31 Jh 
2606 
l5iS3 
I5!^5 
lov 
Low 
1755 
17^7 
6126 
5217 
lOQl 
1137 
~3i 
-91 
6 2. SI 
65.7s 
High 
Medium 
m?. 
297^^ 
15!f?5 
15JS5 
High 
High 
2H2<^ 
2391 
6612 
5900 
1223 
1195 
-21 
-3g 
5S.2S 
High 3157 
32S3 
55:^5 
55:^5 
High 
High 
231^ 
2276 
6Ug2 
537^^-
120^ 
1121 
-Us 
- 1 
53.33 
60.71 
High 
Medium 
2600 
3l^yi 
55;U5 
55:^^5 
Medium 
M ediuw 
20I49 6377 
50^ 
1373 
1016 
-31 
26 
57.50 
6it.iiC 
High 
Medium 
2963 
3^!?3 
35^65 
55'.k5 
Low 
Lo^-
1706 
1672 
5353 
i^7S3 
1075 
1027 
-21 
- 5 
56.00 
56.1^ 
High 
Medium 
3266 
3)!fiP 
75'25 
' 75:25 
!5 edium 
Medium 
ISlJS 
186 
55S^^ 
5196 
99U 
I33H 
7 
57 
h^.Yc 
55.56 
High 
Medium 
3272 
3^60 
75:25 
75:25 
Low 
Lov 
1665 
15(51 
1^703 
it01r2 
117^ 
106^^ 
-53 5S.21 
56.1c 
Average 
High 
Medium — 
1967 
191^1-
5gqi 
5077 
1162 
1125? 
-28 
-12 
56.36 
59.60 
periO(^ from the end of the first four weeks to the end of the experlraait&l period 
''Preliminary tjeriod production of cow 3263 equivalent to that, of medium con 2f)-;9 obove 
^Average of three covs 

remeats for sevai pairs of high and, medium ability cows 
AT . 'body 
"seight 
1v eight 
cbsage®-
Dry matter 
dig. 
Pulse 
rate 
Daily FGM final 
month exp. per. 
Daily FCM first 
month post pzp. per. 
(It.) (Ih.) (per ceat) (per min.} (lb.) (Ih.) 
lOPl -31 62.S7 '5f? 52.2 39.5 
1337 -91 65.79 50 25.1 26.0 
1223 "21 58.29 33.1 29.2 
1195 -3B 58.^6 2S.6 2H.7 
120U 53.33 61 32.2 25.5 
11 a - 7 60.71 59 27.S 19.0 
1373 -31 57.50 32og 35.2 
1016 26 64.UO — 27.2 19.7 
1075 -21 56.00 2g.9 27.0 
1027 - 5 56.1'-I- -- 23.9 ?2.9 
99^  7 iff?.32 3606 U5.9 
133^ 57 55.56 2B.S 30. H 
117^ -53 53.21 59 2H. I  2h.i 
106H 56.12 65 20.1 If?.9 
1162 -gg 56.36 59= 31. k 32.^1 
1125? -12 59.60 5B' 25 .9  1^ 
[id of the experiraentel period 
that of medium cow 2B-S above her 

J-
mental period xv'hereln the covs were well adjusted to Che 
various rations and their body V/elghts had achieved a 
rather largg niessure of ^^tsbiliti ' .  On an individual pair 
or on an cveraged DES IS ,  the large dii 'ferences in milk 
production were not entirely explained by dlfferencss in 
feed input above maintenance, body weight ehsi ' iges and dry 
matter digestibility, pulsss rates; >;ere taken for thi 'ee 
pairs of covis and were included even though these data are 
too meagre for- separate discuesion. 
CovvS 3174 and 2606 reacted most strongly a,i, 'Clnst all  
production lo;;>ic when the equal inputs of feed above main-
tenance were considered. Cow ol74 produced 909 lb. acre 
ailiv, lost 60 lb. let!s •v;ei;;;;ht hsd a slightly lover 
digestioility of the dry matter than did cow 2606. However 
coK 3174 had a lover nifiintenance co-?t as she vas apprcxl-
aately 50 lb. lighter than was cow SoOC over the experi­
mental period. At the p&rticulsr weight rcnge of this 
pair,  the smaller i^eight of cow 3174 released C.-3 TherES 
each dsy for productive purposes. This energy for produc­
tion ¥a,e equivalent to approxifBately 2GC lb. of ii ' l lk and 
still  left unexplained the Isrge reffislning dii 'ference in 
milk production. Coivs 2ii82 and 2S76 presented similar re­
sults, for ail  their measurenients taicen were sirrdlsr with 
the exception of milk production which varied by 712 lb. be 
t 'w'een this high and mediuir: ability cow pair.  
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Cows 3266 and o4G9 v;ers included in theee couipBrisona 
for, in this oaae, the high rioility cow, 3266, \«.£3 on the 
experimental period from Juns to I 'eco.nber, Kh^reas the med­
ium ability cow, 345!?, WRS on from Hoveo-lDer to kay. Deoyite 
the £;dverse effect of hot wfi&th:-n" upon hiyh hay cor;flaaiption 
aijd tht? disadvantage of aaallor body siae, cow -3•.•, '68 consumed 
less totcl feed but produced 533 lb. laoro allk fcii. ' jui did cow 
3469. Cow 3469 gained 50 lb. aore thsn did oHfiG, and by 
using: r,he valuR of 3.53 lb. TDl! for a pound of body gain 
8s proposed by Knott (47) the difference in tsillc produc i;ian 
of this pair can be equated. However the ssniler incuke of 
Therms by cov.; 3266 still  indicated her sbilitv, i:ei--j::ite the 
disadv ant ages of sa&ller body si?,e end adverse environmental 
conditions, to produce more n:ilk. on a fixed dietary regime 
•than cow 3459. 
CowG 52?f: and 3450, end Eouiun ?nisi?Is on a 
hay ration, were also considered fro:.n this stsndpoint. Cow 
oE?2 was on the e:iperi!:Qent£l period throughout the Bua-mer 
months, whereas CO>J 3450 concluded her experiinental lact.^--
tion period at the on.set of surnrcer. The input and output 
reoults for these co^'A's should therefore cs eonGide-.r-ed in 
this lijiht.  
V»hen these data for the seven palre were sarr:ri;ivri.zed 
?nd expressed on an individual cow basis, the high ability 
as against the rr.ediuin ability cov conf!umed 03 roore Theras, 
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lost 16 more pounds pr.d VJ? 34 lb. I-ioavisr in tody weight. 
T.l: ie  average dry natter dige??tibility oT the r:.tlciis, '  v\c;3  in 
favor of the raedi.uin ability cov;s. ' . \b .er.  the cliifcrenosB in 
feed input, weight loss sna. average body weighx were con­
verted to a mills; equivalent bssis, they represented a total 
of 440 lb. The ^average difference in production ivss 81-i 
ID. and the remaining 374 lb. of rtillr p&r cow app-irently 
were not associated ^fith the aonaure^icnto .aacie in tnis 
work. This experiment did not .-riticipr^tu ouch results and 
was not designed to m^ke all  the phyBical ij^iasurciiients 
necessary to explain the foregoi.i . .g roaultR. An explanation 
was soui^ht from the following three con3:Lderations; chaiges 
in the solide non-f&t (BKP) of the zill ,  oo&pcnsatorj 
changes in maintenance reciuireoents end. genetic effects. 
Biddet ^t (68j 69) er.d Luts (£4) have ahovm tha:t 
the underfeeding of lact^ting rniiislB caused a decline in 
the SNF content of the milt fro« 0.3 to 0.5 per cent \vhich 
involved mainly the to";---! protein iraction. These findings 
can be applied to the cow<? on thin expcriKsnt -which wers 
at the low level of feeding. It  seemed rensenable that such 
a condition would be operative upon both tlie ' l igh f.nd mgdium 
ability cow at the low level oi '  feeding and '; .;caild cause a 
similar degree of depreg^ion with both aniaials. hci^ever, 
if  the depresi^ion of the SNF content occurred only vath 
the high ability co 'a ,  then part of the apparent production 
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differences could be explained. Depression in the SNF con­
tent cannot explain the observed differences in the well 
fed animals, unless there was a definite depressive effect 
of ability upon the SNB"' content of the milk. Bonnier £t 
al.  (10) in their work with monozygous twin cattle have 
found that,  in the estimation of the influence of heredity 
(ability) and environment (feeding level) upon the percentage 
of fat,  protein and lactose in milk, heredity played a much 
more considerable role than did differences in feeding in­
tensity. 
Ritzmaxi (70) has reported that the influence of the 
individual and of the breed played as great a role in the 
amount of energy required for maintenance as did the char­
acter of the feed. He stated further that the basal metabo­
lism in the lactating cow was higher than that in the non-
lac tating cow and reported varied values of 7985, 9710, 
10,060, 11,300 and 11,925 Calories per 500 kg. of body 
weight. Brody (11) criticized this work and maintained 
that i t  was impossible to measure the basal heat produc­
tion of a lactating animal because lactation was depressed 
by virtue of the post-absorptive condition of the animal. 
However, he found that the lactation process involves an 
extra energy expense above the non-lactating level and i t  
followed that heat production in the non-fasting animal 
is proportional to the milk production. This logic would 
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obviate the coatentlon, v;hich vas considered in an attempt 
to explain these results, that a high ability cow, produc­
ing at a high rsts, had a greater economy of maintenance 
and associated requirements than the lov./er producing inedium 
ability cow. 
Bonnier _et si. (10) have provided parallel evidence to 
support the contention that the genetic effect (ability) 
offered the most plausible, but by no means complete, expla­
nation of the results observed in this work. In their experi­
ments with monozygous cattle twins, one twin of each pair 
received a low level of feeding and the other a high level 
of feeding. They found that heredity played a very promi­
nent role in the expression of all  types of characters and, 
in importance, usually outVi;ei[ihed the effects of the differ­
ences in feeding intensity, even when these differences 
were large. Though their experimental design was planned 
to obtain information quite different than that sought in 
the current worn, i t  was Interesting to note the similarity 
of one of their analysis of variance tables with Table 20, 
in this experiment. Their table presented the analysis of 
the milk yield during the various stages of the first 36 
weeks of the first lactation of seven pairs of twins fed in 
the manner described above. Their results supported the 
validity of the results found in this manuscript.  The 
terms "level" (of feeding) and "ability" in Table £0 are 
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analogous to those, respectively, of "environment" and 
"heredity" in Table 40. 
Though the ability of the animals offered the most 
plausible explanation of these results, i t  did not explain 
Table 40. Analysis of variance of milk yield by 
laonozygoue cattle twins as reported 
by Bonnier £t al.  (10) 
Mean 
Source of variance d.f.  square F 
Stages within lactation 8 24 ,853 90 .  70<i'^'f '  
Heredity 6 13 ,428 49 
Environment 1 768 c .80 
Stage X heredity 48 367 1 .34 
Stage X environment 8 109 0 .40 
Heredity x environment 6 2 ,349 8 .57 
Secondary interaction + error 48 274 
•if^^P'Co.Ol 
the physiological pathways by which these results were at­
tained. It  is beyond the scope of this work to answer this 
question and i t  must await the more critical balance studies 
in which the numerous factors in the milk production-ability 
complex can be unraveled. 
An interestinti concept by Xorr (48) has suggested a 
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possible relationship between ability and production. This 
worker found, in studying the relEtion betveen tissue metabo­
lism and physiological activity, thst secretory tissue, 
salivary gland and pancreas, underwent abrupt changes from 
rest to activity upon stimulation by specific humoral ?4-;ents. 
From the results of the above viorl the follov/ing hypothesis 
was developed. The inetabolism which releases energy for 
work is not only greater than but different frorr, that which 
releases ener£;;y for ir.aintenance, and that this stimulation 
to activity involves a major shift in pathways, enzymes, 
transport systems and perhaps in substrates- These qualita­
tive shifts in metabolism are an integral part of the 
excitatory process and the excitation and the rapid transi­
tion to secretory activity involves alterations in cellular 
organisation, of which alteration in enzyme relations is 
an inseparable aspect. Since the humoral and enzymatic 
effects are of great importance in the secretory proceEses 
of mill:  production and since these are linked to the parti­
cular genetic structure of the animal, the type and number 
of pathv;ays, enzymes and transport systems and their inter-
actioiiS may vary sufficiently from COVJ to cow to cause the 
observed differences in milJi production. 
Hypothetic ally, with a cow of low producing ability, 
a given amount of milk precursors may go by less direct 
pathways in their conversion to final product, ^lierefore, 
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more energy would be expended by the low ability cow thsjn 
by the high ability cow to convert feed nutrients into a 
given quantity of product. If the heat of production of 
two covjs, v/hich px'oduced different quantities of milk of 
equal caloric content per unit of milk on the same intake 
of feed during a period of vjeight equilibrium, was found to 
be similar i t  would lend support to the reasoning developed 
here. This reasoning might also suggest an explanation for 
the results discussed in this section. 
The Relationships among the Preliminary, 
Experimental and Post Experimental Periods 
Madden (55), using data from the Iowa State College 
Holstein dairy herd, found that the genetic correlations 
between cumulative part and whole records had values approach­
ing unity. This work indicated that selection for part of 
a record would cause almost or fully as much genetic gain 
in whole lactation production as selection on whole records. 
Leroy (51) provided data to show that the milk yield at any 
time during the lactation was definitely related to the 
initial and maximum yields- Bilinger (12) found that the 
decline in lactation is quite independent of the yield and 
his data suggested that the persistency of lactation is 
better in high than in low yielding cows. 
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The three points above have been verified even under 
some of the severe sxperi^iental conditions in this ^«ork. 
The 3.bove r. '-JBultF; sug;;;est that tho conditions rogulatirif^'  
subseciuent milk production appear to be deteriisined at the 
outset of tile lactation. Production will then attempt to 
proceed tiiroughout; the lactstion in accord, idth the initial 
ry^'Ulatory conditions, daspite the induced erivironmentjsl 
effeots. These regulatory conditions could still  exert 
their effects Iste in l&ct=.tion for, in this present ^;orkj 
hiiih ability cows at medium and low levels of feeding usu­
ally reBponded with a marked increase in iisilh production 
when plicced on full feed at the end of tha experiment. 
Under the SLTiie conditions, for most part,  the inediuir,  and 
low ability groups increased slightly, regained at the Bame 
level or dsclinod rapidly in milk production as body weight 
increased. 
An i l lustration of the above diBC'ussion is Qivan by 
the seven pairs of cows described in Table 39. In the last 
fvo columns of this table, tlie averati 'e daily production dur­
ing the last iconth of the experimental period ia follov;ed 
by that during the fir!5t month of the post-experireental 
period. In every pair the high ability animal had a greater 
average daily production over this post-experimental period 
than the medium ability co7'.  Over the experimental a!id 
post-expariraental periods conoldered, the averaj^e daily 
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milk productions were, respectively, as follo>?s: the high 
abili ty COVJS -  31.4 and 32.4 lb,  nnd tao raediurn abili ty 
cows -  25.9 and £3.1 lb.  
The post-experi?!ental rssponse of the high abili ty cow 
3157 merits attention. This covi terminated the e;;periniental 
period in June and the aver-^ige daily proauctlon for &e 
ninthj tenth and eleventh ;nonths of lactation (throu^^h July, 
August and September) were, respectively, -35.5, J;9.8 ?nd 
33.7 lb.  per day. Despite the inc."e.?singly adv«nceci st-go 
of lactation, i t  was observed that,  with the moderation of 
the hot weather in August end with the cooler >• ei ther in 
3'2pto;T!ber,  the production increased. 
The observed differential responp-e to full  feed prompted 
the following thought.  If  the activity of the manraary 
ii^ related, in part ,  to the cusmtity of energy ^upplisd to 
an sniHslj  one xvould anticipate a partial  involution of the 
alveoli  with reduced enei-gy intake- Under these conditions, 
covjs ' ; , ' i th different inherited abili t ies to produce, hence 
different hormonal controls of lact. ' i t lon, would exhibit  
varying degrees and amounts of ;?.lveoli  Involution. Tlie 
response to full  feed u'ould then be relrtcd to ti>e individual 
cow' E abili t j '  to return the alveoli  to full  functional activ­
i ty.  
The method of feeding a ratio of 7 lb.  of hay to 4 lb.  
of concentrates in the prelirain'-ry period gave to this 
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ezperlaiental de ciga an. sdded rcfineMent; In teclmique and 
e^pcater clarity in viev.lng the results,  ' iue rutio inethod 
of feeding, as i t  is not t ied to the particular and ehang-
ing njilk production of escii  ariinial,  can be used to visv--
prcduciii^ aiiiaals from a corcmon basis in regard to their 
capacity to consume ana to their efficioncy of production. 
oystea or feeding during tho f irst  60 to 50 cays of 
lactation aeservsB further study and Kay add to our Knovlsdge 
in tv;o ^:ayc. I t  aiay be guios to the farassr in evaluating 
the efficiency of each aniii ;al  in his herd frora a coiiii i ;on 
basis.  Socondly, as the production in too first  50 days'  is  
highly correlated with subEjequsnt production, t i l ls nianner 
of feeding would give a more valid estimate of the actual 
producinii  abili ty of an animal.  In place of feedinii  ccncen-
tratec In accordance with milk production over this eorly 
period, the liiethod eii;ployed in thio experiii ient ^ould &ive 
the breeder a rnorc rofined feeding tool to aacist  in the 
selection of animals.  
The Efficiency of production 
The average values for the gross {34.C per cent) and 
net efficiency (o£.3 per cent) of milk production in this 
•work were concordant with those, respectively, of 33.C and 
60.0 per cent determined by other v^iorkers (19, 76) with 
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larger samples of experiment station dairy cattle.  The 
valuas reported here indicated tuat,  despite tha ;: lde range 
01 trj/ps and level oi ieeding, cne extreiues counteA'b£ls,nced 
eacn other and the average efficiency values for the 58 
cows were at  Ihe levels found for co^s of similar capabil­
i t ies under standard n ;anages;ent.  
The bioloi^ical upper l imit of the g^roes energetic effi­
ciency is close to 50.0 per cenl; .  Cow 3174 approached, this 
maxLuuii 'vjl th a value of 44.6 per cent,  while her net effl-
oieucj( Vias ol .9 per cent,  far exceeding the quoted 60.0 per 
cent aver 'age* ' i 'hese nigu values ivere nuc, in part ,  to the 
low level of feeain^i and the high concentrate ration, but 
st i l l  reflected the Inordinate capacity of this cow to con­
vert feed to milk. If  such lactatlonally gifted cows could 
be located iii  each herd, the possibili ty of raising the over­
all .  efficiency oi production by selection tiiiu,  oreeding be­
comes apparent.  
Comparison of Feeding Standards 
ihe importance of furti ier research idtn feeding standard 
naa been stated succinctly cy Maynard (58, p.  L;94-295) in his 
text on animal nutrit iorx: 
while no measure of useful food energy can be 
exact in i ts general application because of the 
auiny vaxiables involved, the field is clearly 
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an important one for further research . . . .  The 
superiority of a given method of evaluating energy 
cannot be establiBhod, hosvever,  aorely from theo­
retical considerations or by emphasizing the l imita­
tions of other aofoures.  Asst;&rch. luust definitely 
show i ts greater usefulness for general applica­
tion  ^  both In expgriaental co.iiparlsons ana in 
feeding practice. 
The data from this work have provided the information by 
mien the TDN and NPJ feeding stendards can be compered. The 
greatest argument against the use of the NE system in prac­
tice has Deen voiced as follows. Mitchell  (61) stated that 
the KE of a ration or of a feed is not constant,  but depends 
upon the condition of feeding and that the NE of a ration 
has no simple relation to the NE value of the feeds. Forbes 
i 'ck,) commented that the relation of energy metabolism to the 
plane of nutrit ion implies the existence of a fundamentally 
different NE value of a feeding stuff at  each point of ob­
servation in relation to the plane of nutrit ion. Moore 
al .  (63) countered this argument by suggesting that the 
results obtained with individual feeds fed to a fexv animals 
should not be used against the evaluation, on an NE basis,  
of , ' :ood quality practical feeds, as the supplementary effects 
among good quality feeds are probably not great in the rumi­
nant animal.  
The results of the data in the present research confirm 
the argument of Moore ^  and receive their full  inter­
pretation in the following manner.  The success of a feeding 
o 
etancls.rd l ies not In i ts proper evaluation of the requlre-
luerxiiB for the individual cow, but rctaor in isa validity on 
the atird uasis.  In this work, a herd of co«;3 was placod 
upOii different rabions and feediiig levels of the most common 
feedscuffa found in the dairy ration in this country. Some 
of toeoe ratios and feadint^ levels were similar to those 
used in practice iviii ie t i io othera icere purely experimental 
in nature, uespite these varied conditions of feeding, the 
i-ie eysteia aas more constant in i ts feed eveluation :• cross 
i, . : je hii j  to concentrate ratios tiaun t.: . ie TDK system;. Further-
iiiox'e ' j  GjjlC j ."^eiiia,iC'i\ .ad1 *c' a^ 'pi- 'OaiiH-u u^on u. c 1 oedxn^j r . . ' t j .o of 
cat; i;.Cti.p!3 staiiuard lo tiie ciieoretical requirements for ::;ro-
duotlon ttuiiionstrated the validity of system in herd 
i c • 
AiiOtjiid' S cii'i_^ U.iuc;ij Li u.l.iC U.GC 01 i;:.L GCOn 
pux-ely that of the inertia of a great mass of date collected 
for the TDM system as opposed to the scanty data available 
Oil lihe 0asi.s" Auniittedly, the use ol i'-ih vai.ues v/oule. 
neglect the use of this vast and generally useful body of 
daiia. Ine J.caps systoiii nas orovlded s valu-'ble tool oy 
which Doth sets of data may be used to advantage* 3y this 
system tne original energy values of a feed aay be used, or 
Che euantiuy of et^cn nutrient as aeoeraiined by the usual 
proximate axialysis of a feedstuff aiay be ecnverted, by a 
set of caioulated coefficients available v.!th the Fraps 
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standard for tbe particular feedstuffj  to i ts corresponding 
I'JE value for productive purposes. The extra step is small 
but much benefit  may be had by ics use, as has been clearly 
deruonstrated in tnis v/ork. 
From this work, the pattern for the further investiga­
tions of feeding sfcanaards is  clear.  The Fraps cysteir;  was 
originally developed with sheep and further research using 
tnis sy::-tei:i  with ffii lkiug cows fed a variety of feeds is 
needed to compare i ts  value with ihat of TDN. The current 
emphasis on roughage util isation accentuates the need for 
such v/orii .  
These results and discussion on the feeding standards 
clearly stress the fact that the data are not complete,  
due mainly to the expense and t ime involved in such studies 
korkers remain at  the point of relating insufficient data 
to the formulation of an overall  system of feed evaluation 
for ruminants and i t  is tacitly acknowledged that much of 
the research undertaken is  evaluated with an imperfect tool 
This state of mind and of procedure need not exist .  Beyond 
the present knowledge, are needed the time and effort  of 
devoted is 'orkers to elucidate and to complete the picture of 
energy util ization and of the output of animal product from 
the commonly eaiployed "balanced" combinations of feeds used, 
in ruminant nutrit ion. 
144 
The Digestibili ty Study 
ihe results of tne digestibili ty study were notable in 
not explaining uie observed differences in milk production 
s.;uofig tfifi  cows of different abili t ies.  This finding became 
iuore diBturoing v;hen a cow of high producing abili ty was 
observed to have a lower percentage of dry matter digesti­
bili ty than that of a medium or low abili ty cow on the same 
ration. One such exajuple,  moving from high to low abili ty,  
were cows ol74, c606 and 'clSD vhich had dry matter digesti­
bili t ies,  respectively, of 6ii .87, 65.79 and 72,95 per cent.  
however,  there appeared to De a partial  and plausible 
explanacion of these results which deviated from general 
expectations. Fecal samples vjere taien over only one short 
period aurlng the experiment ana, If  more frequent collec-
tious had been maae, the differences might have been much 
smaller for cows on the same type of ration. This argument 
is  supported by the early vjork of Armsby {2) and Mumford 
et  al .  (66).  ihey showea that,  while a probable error of 
3 to 4 per cent was corimion in the determination of apparent 
digestibili ty,  there were t imes when the variation became 
as nij^h as B to 9 per cent among cattle receiving the same 
teat ration. I t  appeared that these variations did not 
occur at  the same time in different animals and were, there­
fore, prooat-ly not due to any common external cause. 
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In this experiment,  Dhe average results revealed a 
to i.&.i dl i l 'ereucs in dry luat 'Cfer algeBtibili ty of but 1 per-
cent in favor of uit  group of auili i iy oous and of only 
onc:--h;. l i  poT ceiiU in favor of t .ae cows at  ULe low level of 
feeding {i 'abie S3),  ' ihe^e daua implied tLc-t neither tiiO 
abili ty (genetic effect) nor the feeding level exsrtcd in-
I'Oi. 'uiUi 0 .Liji  lu<.ucci Uj- 'Uii | jOv;Gi' i^ Oi d-i^^ost^en* li iCse ov.o 
poies^B i-Tti aiEuUoseo, jointly. 
BOii C 0 ^-.1 » ( fC't'j C rr^i'X'i <-0. OU L oi. Ci.i^,c'-^' i.'J.wXx-i- tii-'i-c-l 
Vii Lil  xo paij . 'o 'Ji  l i icnoiygC'Uy Cc;.Guie u/iine uivicib'c.  .LULO IOUJ' 
gri .aps on four increc^sinti  i 'eeding levels.  v.lthin eo.ch group 
ci.c cc-.eii  Oi L/it  v&.i '^ ' lu^ leeeiiig l^velSj cue iiiUiiLor ei  l i i t  
i/Viin tvuij: '  ai^o a td an e.- | , 'erli : i i6ulil  feedlug l ' ;-:vej.  tbe 
0 ii.',;UrwOi* O-L j^ c-.iX' (jC'.L'"Vi;d f;-.b c. Cuiiti-'Oi • rilClX' ur'.Lr^ l 
t t iploi 'sd D.'ie Gn.re 'Uilc oxide lechnic^ue en;! cipproncA-eci cj .Oosly 
ti . ie i i ieinoiis e-iiplo^'e 'o in Gii& px'esenL vvoi ' t i . .  ino total o.ifisr— 
fence In organic niatter digestibili ty over the four feeding 
levels 'w&i'i  1 per cent nif^hsi '  in iavor ol t i is hlgti  ten uwins 
ciiCi t i ici 'e "wei 's i iO large uill  ei 's-noes oetweeu twin pc.ii 's» 
I ' i iei 'ei 'oi 'eJ i t  v.-as shuun thct neithei" feeo.ing ii i teriaity nor 
heredil .^ '  lus.rnealy affected tiie auiuialK' capacli . ;y  tc digest 
ti j  e J. eei^ • xns be l i ter exploi uatioii  ol lee 
J.t.' u o i. X tiL. J.Cc-.iiiiO ijC^ jji ciXi. 1 tijCi. h/j uLiO' G 
Q i . o  1 / X V c c o ^ . c i . G ^  O i - i X w o  w i i / w '  
3X \jj' • J. j.j. ii !.> ^ i'tv vj X'ij .1. c.'-i. b tj-LOIi iviy.u; tJV XC-tJli o. 
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process which, the onixrl Ir  only 'hlo to influence lo a very 
sli;5ht;  degrse. Bah&r et  £L- (5) In uuich related 
feed efficiency to dli^-f-tion in jji 'oi '  cattle also faund 
l i t t le difference in t ' ' :o sfficisncj or di^istioii .  Ih^ise 
workers postulated thot the great differences fch:t  t  
among anira??lg in their / 'hll l ty to ,i: , : :he ' :-i i i : : :  l iei  in tiie 
uti l isation of their foon ?ftrr  i t  is abs-jrbfjd ri iUiyr than 
in diffarenoeo in "bill ty to dij^ent and ;?Dscru nutrients.  
'rh;;refor3, the findings in the nurri . i t  e;;^. .3riaient are con­
firmed by the above v-orkers.  
Jarl  (39),  on the oth:r h?nd, v:-i  th 12. co'vs 
over two winter feedinj?; period?,,  found that the digestive 
powerB proved to  he  Individuel ly  var iable ,  but  there  wau no 
certainty thnt thin Vi:;rif ' t ion i^^'ajtically detiorii i ined. 
In thio v'orh the r^ro^te^'t  porcentn^^o Vinh.ati .^n betveen the 
moBt efficient and l?a?t sfficiont cov wss found to be 3.5 
per cent.  This amount of vsnidiil i t j  hs:3 psen ahj '>;n pre­
viously to bo Kithin the of enporiinin vil  error-
A statement rcor-t  pertinent to ti l l ; '  diuoussiou axiu to 
the general vie-point of th: ' . '? erit . ire ?:•action is  that of 
\iatBon (79, p.  491): 
The effects of the ylene of nutrit ion nnd asso­
ciation on the digestibili ty of feedstuffs by 
ruminants have been Etudi?d over a period of 15 
yetra.  For both factors the inveatigstion in­
cluded rouyh^yes, encculent feeds, )jTi.in3 aiiu 
concentrates.  They were fed singly and in 
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various combinations. I t  was concluded that for 
most feedstuffs these two factors either had no 
effect upon digestibili ty or,  where differences 
existed, they were of small magnitude. 
For the most part ,  this statement verifies what has been dis­
cussed, but in certain respects i t  can and will  be disputed 
because of the wide range in nature of the constituent feeds 
used in the various ratios in this experiment.  
The only feed constituent for -which digestibili ty in­
creased with the increasing abili ty of the animal was crude 
fiber.  The crude fiber digestibili ty coefficients for low, 
medium and high abili ty groups averaged, respectively, 
29.40, 30.0-3 and 33.70 per cent (Tables 33 and 37).  This 
finding lends i tself to much speculative thinking inasmuch 
as Baker al .  (6),  in their work with beef steers,  found 
that animals which used the least feed for a pound of gain 
seemed to be superior in the digestion of crude fiber.  How­
ever,  these animals did not demonstrate this superiority 
with the other feed constituents.  The f ive high efficiency 
steers had an average crude fiber digestibili ty of 41.5 as 
against 36.6 per cent for the five low efficiency steers.  
From the data above i t  was interesting to note the similar­
i ty of the total range of difference of 4.9 per cent in the 
beef cattle work with that of 4.3 per cent in the current 
investigation. 
I t  was observed in this work that dry matter 
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dij^estibili ty increased from the hi^h to tiie low: hay rations. 
ho' .vever,  this cM^riy increase x.as interrupted at  the 35:65 
liay to concentrate energy ratio wherein the two feeds were 
fed in upi^roxiraitelii  equal proportions on a pourid 'basis.  IJo 
CAplanation of these results can be found in the work of 
Burroughs £t al .  (lo) -.vho coserved, in feeding equal pro­
portions of alfalfa hay and mineralized corn starch, that 
xherc v;er8 minor or no decreases in roughage digesti­
bili ty.  The di: . ta of 3v;ift  £t  ol.  (78) and Keiailton (20),  
however,  support the findin^^s in the present study. Thece 
viorkers tested the effects of starch or glucose upon the 
digsstibili ty of a mixed ration for sheep, consisting of 
alfsilfa and/or timothy hay plus corn meal or a concentrate 
ii . ixture.  Tne,y found ti iat  starcii  or glucose definitely de­
pressed crude fiber digestion and caused a decrease in the 
apparent digestibili ty of protein. These v ;orlters related 
ti .e decrecsed digestioili ty to the preference of the isicro-
oriianisms for the siuT.:. ler carbohydrates and this would appear 
to offer a reasonable explanation for the results in this 
u'orii .  
From the l i terature and the current research i t  is 
theorized that,  in the case of the high concentrate ration, 
the iii icroorgsnisms have adjusted their types to a pre-
doaiuance of available carbohydrates.  At the 55:45 ratio 
ihiere i  10. of hay were fed to 1 .lb. of concentrates,  the 
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proper proportions of nutrients were provided vmich stimu­
lated the raicrobial population to greater roughage digestion. 
However,  at  the ratio (35:65) where a decrease in digesti-
t i l i ty v ;as apparent,  I t  is suggested that the microorganisms 
were in a constant state of Indecision. The fairly large 
af/iount of available carbohydrates decreased their aggressive 
attack upon the roughage, while the quariti ty of the avail­
able carbohydrates was not great enough for a satisfactory 
adjustment to a very high concentrate ration. 
The Chromic Oxide Excretion Study 
A definite pattern of chromic oxide excretion has 
evolved from the digestibili ty study in this experiment 
(Figures 12 and 13) and has affirmed the results obtained 
by Kane et  (44).  The ensuing discussion vdll  argue that 
the excretion of chromic oxide is  diurnal in character and 
not largely a function of the time of feeding and/or the 
mode of administration as is  maintained by other workers 
(30, 00) .  
Very similar daily excretion curves were observed with 
32 cows in the current experiment and with a total of eight 
cows studied by two other workers (18, 44).  This excretion 
curve of chr 'oraic oxide followed a definite daily pattern, 
rising throughout the night and decreasing throughout the 
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day* Tvio New Zealand v^orkers (15, 60),  who sdiii lnistered Lhe 
iadicator twice daily by capsule to grazing cov/s,  found that 
tne total fecal collections at  ni^^ht averpged 1£ to 15 per 
cent higher than those during the day. 
In the work of Kane £t  (44) the indicator vas com­
bined with the concentrate niix'cure and was fed at  4:30 A.M. 
and at  1:30 P.M., while in this present work the indicator 
was fed in the concentrate in equal portions before and after 
milking at  12-hour intervals.  Sdin (18) fed the daily ration 
at IE-hour intervals after chopping the hay, adding- i t  to 
the concentrate portion and mixing the chroniic oxide with 
the entire ration until  a homogeneous mass was obtained. 
By this method, the cows were consuming the indicator 
throughout the feeding periods. Prior to the eolloction 
period Kane _et al .  had administered the chromic oxide for 
three months, Edin for eight days and for 10 days in this 
current study. Also in the current study, the digestibili ty 
trials for different groups of cows were carried out over a 
period of eight aonths. In the above described experiments,  
there were variations in the mode of chromic oxide adminis­
tration, tne time interval between feedings, the length of 
the preliminary periods, and the span of time over which the 
trials were carried out.  Kevertheless the excretion curves 
are almost identical in the above investigations. If  the 
variation in chromic oxide excretion was related to the 
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t i tne of the ingestion of feed, i_.£. feeding twice dally,  
one v;ould expect two raa:xiuia and tvo uiininia in the plottin£'  
of a 24-hour cycle.  The riresent research indie?:ted that 
the variation was not asBoelated >(ith the time of the inges­
tion of the feed. 
Further evidence for the viewpoint held in this arg-u-
fflent was related to the types of rations fed end the levels 
at  which they were fed. Despite the fact that the tonus and 
mo t i l l  ty of the rumen, the quajit i ty of in^;esta in the gastro­
intestinal tract and the amount of rumination varied v/idely 
with the nature of the ration fed, the same general pattern 
of chromic oxide e:<cretion was observed in a ration high in 
hay as I ' jell  as in one composed mainly of concentrates.  
I t  has been shown by Eudng e_t s i .  (20) and by Mitchell  
et  al .  (62) that the rate of passage of feed becomes more 
rapid as the level of feeding is increased and that the 
finer particles of feeds and finely ground feeds pass through 
the animal more quickly than the coarser ones. From the 
above data i t  can be assumed that,  in this experimentj there 
were large variations in the rate of passage of feed due to 
the direct effect and to the interactions of the level of 
feeding and the type of ration fed. Nevertheless,  i t  was 
again observed that the excretion pattern of chrooiic oxide 
was siiDilar for each level of feeding. 
Edin (18) indicated that there was a correlation between 
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the tl ines of the greatest airounte of rumination and the 
subsequent niaxirauju excretion of chroinio oxide. This dotso 
not appear to be the case in the present study. COWB ^ith 
severely depressed ruainjit ion on the high concentrate rations 
hod the same general excretion pattern as those cows on the 
high hay rations. 
Izzo (58) demonstrated a diurnal vgris.t ion of blood 
siid urine glucose in the diabetic.  In the graphic.-?! data 
presented by this wor'ker,  the curves are renarlc^bly similar 
to the overall  curve expressing the diurnal excretion of 
chroiti ic oxide for the 36 cows in this experiment.  Kane e_t 
al•  (44) ,  in their oivn f indings, f irst  reported this simi­
larity 8Jid made ex; observation which now has added validity,  
since both the glucose and chromic oxide curve?! h^ve been 
sho^m to be quite independent of changes in the time and 
amount of feedin;; , ' .  This observation Tvas stated essentially 
as folloTv's- Since both glucose in the diabetic ond chromic 
oxide in the bovine are surplus and unusable products in 
the metabolism of the organism concerned I t  is notevorthy 
tnat they displayed similar excretion patterns.  
The interpretation of these results leaves unexplained 
the chroiii ic oxide excretion curves of the fs>; cows which 
did not follow the general pattern for at  least two of the 
three days of the collection period. At present,  these 
results csji  only be ascribed to taiolotdc.-?! variation, to 
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sarapliri '^;  error or to phyr>iolo[; , ica,l  abnorsallt ie?.  Three of 
the four diver,•yent cov;s,  olGO, 3538 pr/l '" i lEG '.vere fsd r '- t ions 
•.J • f 
high in concentrates and exhibited a history of dig' . ' i j j t ive 
disturbances far a.bove the norrr> for the other eApiriaental 
covjs.  Though this discrepancy may c^.st  some doubt on the 
validity of the ajr^guments presented, i t  doe;? not Ddd support 
to the opposite point of viev;.  If  ohrorrdc oxide e:^crstion. 
ivas a function of t ime and mode of feeding, one v. 'ould not 
expect such a divergency to a general pattern ?jiy more than 
i t  would be expected on the basi?; of tV;e cliurn.-^' l  rhythm 
interpretation. 
Suggestions for Further Study-
In some of the areas of this discussion .suggestions 
for future research have been iTiade nnd a few additional 
proposals and ideas pre given here in conclusion. I t  should 
also be noted thf t  the vers8.tl l i ty of this body of oBt;? pro­
vides tne basis for further studies T. 'hich h;:ve not benn con­
sidered in this thesis.  
During hot v. 'eather,  i t  was ob•served thr.t  cot '! ,  receiv­
ing a rr. . t ion cociposed insinly of concentratec, v?ns able to 
consume i t  much raore readily thaii  one receiviri:? an equiva­
lent amount of energy composed mainly of hay. This iirjp.l ied 
that the input-output relationships during hot v-eathor rosy 
154 
be quite different than those during cooler weather and from 
such a study i t  could be determined which combination of hay 
and concentrates would be most productive under summer feed­
ing conditions. Furthermore, some empirical estimates could 
be made as to that portion of the energy of different rations 
which v /as wasted in heat production and in the atteff-pted 
dissipation of this heat during hot weather- The magnitude 
of the increase in heat production and i ts  attempted dissipa­
tion with the resultant depression in the milk production, 
as related Co the combination of nutrients and to increas-
iiig environmental temperatur^-s and humidity, could also be 
studied. 
The data froni the digestibili ty trial  can be related 
to Qiilk production over the same period, to determine if  
the values obtained are generally well correlated with the 
t;nergy available to the animal for production. This might 
help elucidate the nature of the efficiency of raill t  produc­
tion and might enable a more crit ical evaluation of the 
Indicator method in determining digestibili ty.  
I t  would be of interest to compute the balance of 
nutrients supplied by each of the four hay to concentrate 
ratios.  The quantity of each nutrient present could then 
be compared to the recommended allowances for each particu­
lar nutrient.  I t  could then be determined if  the ration 
which most closely approached this theoretical balance of 
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riutrieii '&s ^,ave the most efficient util ization of nutrien 
over each of the feeding levels.  
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SUMMARY 
Four rations of hay and concentrates in the ratios of 
75;£5, 55;45, 35:65 DM 15:85 vere fed to 36 lactating Hol~ 
stein covjs for a 26-week experimental period, following a 
60-day preliminary period post psrtum• Each of the four 
rations was fed at  a high, a medium and a low level.  The 
cows were divided into high, medium and low producing groups 
based on the production in the preliminary period. Three 
covjs,  one of each producing group, ivere randomly allotted 
to each of the 12 "hay to concentrate-feeding level" posi­
t ions. For each covj the total feed energ^y requirement for 
production over the experimental period was predetermined 
and partit ioned into 26 decreasing weeily quantities.  Feed­
ing was cased on NE recomraendations and the energy content 
of the feeds was calculated for various WE and TDN feeding 
standards on the basis of frequent proximate analyses of 
the feeds. Ration digestibili ty was determined for each cow 
by the chromic oxide technique and the dally fecal excretion 
pattern of the chromic oxide vjas investigated. 
The differences in the ENE available for milk produc­
tion at  the three feeding levels were much greater then the 
corresponding differences in FCM production, which indicated 
that the abili ty of the animals exerted a greater Influence 
upon production than did the intensity of feeding. Production 
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in the preliminary period was highly correlated vdth that in 
the experimental period. The degree of production response 
to full  feed during the post-experimental period indicated 
a relation to the magnitude of production in the preliminary 
period. 
Weight changes during the initial  fl \ 'e weeks of the 
experimental period were closely related to diet,  but there­
after,  particularly at  the lovier feeding levels,  v^ere largely 
\ 
independent of the ration. 
The NE feeding standards demonstrsted a definite super­
iority over the TDK standards as consistent evaluators of 
the productive energy derived from rations differing widely 
in their hay content.  The production of a pound of 4 per 
cent FCM from the high to the low hay rations, respectively, 
required .36, .36, .37 and .35 Therms as compared to .44, 
.40, .38 and .33 lb.  TDN• At each hay to concentrate feed­
ing ratio,  the Praps N'E s tandard achieved the closest approxi­
mation to the recommended energy requirements for the pro­
duction of a pound of 4 per cent FCM. 
From the high to the lovj hay rations, the dry matter 
digestibili t ies were, respectively, 54.41, 58.80, 55.g3 and 
63.10 per cent.  Dry matter digestibili t ies for high, medium 
and low abili ty cows were 58.23, 58.13 and 57.18 per cent,  
respectively, and for high, medium and low feeding levels 
were 57.63, 57.77 and 58.17 per cent,  respectively. 
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In the dlgescibili ty study, the fecal excretion pattern 
of chromic oxide was of a diurnal nature. The maxitrium excre­
tion of ohromic oxide was observed in samples at  5 A.K. and 
9 A.N. while the minimuffl excretion was observed in samples 
at  5 P.M. and 9 P.M. This typicsl diurnal ey.cretion pattern 
vms largely independent of the ^icte vs.riation in the phy­
sical nsture of the rstions and of the feeding level.  
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Table 4-1. Proximate snalyses of the hay from 
March 9, 1953 to September 3, 1954 
Nutrients 
Date Pro t .  E. E. G.F. Ash Koist. N,F.K. 
3/ 9- 3/24/53 
(oer cent) 
11.99 1.39 27.42 5.57 12.42 41.42 
b/ii5— 4/ 5 12.60 1.49 26.36 5 «82 12.09 41.69 
4/ 6- 4/19 13.93 1.45 26.77 4.19 9,26 44.39 
4/£0- 5/ 3 12.78 1.43 26.77 6.05 11.90 41.07 
5/ 4- 5/18 12.67 1.47 27.06 6.08 9,71 43.01 
5/19- 6/ 1 13.57 1.43 27.76 6.45 9,51 41.28 
6/ 2- 6/15 12.34 1.48 27.97 5.28 11,21 40.72 
6/16- 6/ 29 10.33 1,19 32.40 5.95 12.20 37.93 
5/30- 7/13 Ix • 54 1.25 28.20 6.11 10.60 42.50 
7/14- 7/27 13.88 1.30 27.23 6,34 12.93 38,32 
7/28- 8/11 15.07 1.45 25.85 6,40 13.93 37.30 
8/12- 8/24 16.50 1.60 26.02 7.49 7,60 40,79 
8/25- 9/ 7 15.85 1.63 27.58 6.89 8.21 39.87 
9/ 8- 9/21 15.88 1.37 26.83 7.20 8.16 40.56 
9/22-10/19 13.44 1.38 29.68 6.59 8,61 40.30 
10/20-11/ 2 13.44 1.39 28.62 6.49 8,93 41.13 
11/ 3-11/16 12 "OO 1.30 29,17 6.21 10,89 40.13 
11/17-12/ 1 15.10 1.46 26.88 6.67 11,07 38.82 
12/ 2-12/15 13.35 1.80 25.02 6.62 11,54 41.67 
12/16-12/29 13.12 1.46 25.41 6.50 10.04 43.47 
12/30- 1/11/54 12.47 1.45 27.84 6.25 10.62 41.37 
1/lE- 1/26 13.72 1.05 29.08 7.21 10.85 38.09 
1/27- 2/15 13.40 1.41 29.46 6.18 9,82 39.73 
2/16- 3/ 1 13.55 1.58 29.68 6.32 10.60 38,17 
3/ 2- 3/15 13,17 1.48 27,77 6.19 12.11 39.28 
3/16- 4/ 5 13.39 1.49 27,98 6.36 11.59 39.20 
4/ 6- 4/19 13.61 1.50 28.18 6.52 11.07 39.12 
4/20- 5/ 3 12.78 1.56 oO. 3 0 7.98 11.14 36.19 
5/ 4- 5/14 j.o. 52 1.51 30.41 7.25 11,47 35,84 
5/15- 6/ 4 12.57 1.47 33.73 7.77 11,28 33.18 
6/ 5- 6/21 16.23 1.66 21.68 7.20 12,38 40.85 
6/ 22- 7/ 3 16.67 1.60 19.63 7.16 13.05 41.89 
7/ 4- 7/28 13.74 1.67 24,83 7.54 11,73 40.49 
7/29- 9/ 3 14,74 1.74 26,32 5,84 12,76 38.60 
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Table 42. Proximate analyses of the concentrates 
from March 9, 1953 to September 3, 1954 
Nutrients 
Dat£ Prot. E.E. C.F. Ash Moist, N.F.E. 
(per cent) 
3/ 9- 3/24/63 17.10 2.56 6.01 5.12 12«49 56.72 
3/25- 4/ 5 16.88 2.55 5.84 4.90 13.54 56.29 
4/ 6- 4/19 18.15 3.07 6.30 4.81 11.41 56.26 
4/20- 5/ 3 19.09 2.19 6.04 5.09 l o .  _ l  2 54.47 
5/ 4- 5/18 18.38 2.98 6.13 4.27 12.90 55.34 
5/19- 6/ 1 18.38 3.04 6.07 5.87 12.44 54.20 
6/ 2- 6/15 16.72 2.91 7.73 4.70 14,35 53.59 
6/16- 6/29 17.47 2.82 6,27 5.24 13.91 54.29 
6/30- 7/13 17.57 2.45 6.52 5.11 12.06 56.29 
7/14- 7/27 17.17 2.54 6.80 5,77 13,35 54.37 
7/28- 8/11 17.28 2.50 7.27 5.74 12.78 54.43 
8/12-" 8/24 16.53 2.56 6.75 5.38 11.15 57.63 
8/25- 9/21 17 'Sb 3.07 6.92 4.50 10.10 57.53 
9/2ii-. 10/19 17.88 3.55 7.12 4.06 10.37 57.02 
10/20-: 11/ 2 15.77 2.93 6.47 5.17 11.01 58.65 
11/10-12/ 6 18.18 3.38 6.50 6.09 11.75 54.10 
12/15- 1/16/54 17.72 3.26 6.68 6.21 11.82 54.31 
1/17- 2/15 17.72 3,28 7.23 5.71 11.83 54.23 
2/16- 3/15 17.24 1.81 10.89 5.82 12.51 51.73 
3/16- 4/14 17.63 1.88 7.20 6.37 11.94 54,98 
4/15- 4/30 16.80 2.16 7.65 6.35 11.73 55,31 
5/ 1- 5/15 15.40 1.72 7.61 3 .56 12.37 59,35 
5/16- 6/15 15.66 1.86 7.50 5.49 12.51 57,18 
6/15- 7/EO 16.28 1.66 6.45 4.13 13.09 58.39 
7/ 2- 7/31 15.71 3.31 7.88 5.59 11.48 56.03 
8/ 1- 9/ 3 16.23 2.99 6.36 5.04 12.76 56.62 
Table 43. Average proximate analyses of the hay 
received by each cow over the 60-day 
preliminary period 
Jutrlentg 
Cow Pro i.. E.E. C.F. Moist. t T n TT  ^i  \'  »r • r- '  
(per cent) 
2553 11.34 1.33 28.99 6.16 11.5 c/ 40.11 
259'c 12.06 1.29 28. Bo 6.17 11.82 39.77 
3632 13.26 1.35 29.00 6.43 10.27 39.70 
3266 lie • Oc; 1.53 29.08 6.22 10.79 40.55 
3469 13.10 1.36 29.27 6.44 9.38 40.46 
5440 15.93 1» 52 26.66 7.06 8.65 39.93 
3272 13.51 1.39 29.20 6.43 10.53 38.86 
3450 13.59 1.55 26.03 6.54 10.80 41.48 
3302 15.33 1.50 26.58 6.79 10.72 39.05 
olb7 13.69 1.54 26.14 6.55 10.87 41.23 
2649 13.58 1.55 £9.42 6.55 10.39 3S.74 
01:^63 13.'64 1.52 27.13 6.52 10.85 40.35 
2600 14.07 1.38 28.79 6.73 8. D 0 40.51 
3444 13.07 1.35 29. icj2 5.44 9.45 40.48 
3597 13.22 1.32 28.18 6.58 10.38 40.33 
3291 13.53 1.52 26.70 6.51 11.01 40.69 
3483 13.19 1.33 27.88 6.60 10.40 4u. ol 
3294 13.58 1.54 26.49 6.53 10.95 40.89 
2710 12.97 1,45 26.75 5.42 11.04 42.35 
3529 12.91 1.44 26.79 5.34 11.26 42.26 
3160 15.64 1.49 27.16 7.06 8.39 40.23 
2378 12.89 1.44 27.32 6.20 10.55 41.62 
2643 14.78 1.44 26.68 6.68 11.13 39.28 
3432 13.08 1.36 29.28 6.44 9.40 40.42 
2963 13.67 1.55 26.19 6.55 10.86 41.20 
3128 13.92 1.38 28.85 6.68 8.60 40,57 
3439 13.26 1.53 26.34 6.53 10.78 41.57 
2982 13.61 1.53 26.42 6.54 10.94 40.99 
2976 13.29 1.52 26.38 6.54 10. 78 41.52 
3538 13.14 1.45 26.97 5.61 10.25 42.54 
3142 13.18 1,32 27.83 6.60 10.40 40.64 
3493 12.24 1.31 28.46 6.57 10.38 40.04 
3516 12.94 1.44 26.78 5.28 11.18 42.39 
3174 13.37 1.37 28.72 6.46 9.87 40.20 
2606 13.31 1.56 26.16 6.50 10.78 41.72 
2159 12.27 1.29 28.73 6.17 12.11 39.40 
Average 13.45 1.43 27.65 6.40 10.45 40.63 
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Table 44, Average proximate analyses of the 
concentrates received by each cow 
over the 50-day preliminary period 
Mutrlents 
Cow Prot. E.E. C.F. /iBh Moist. K.P.E, 
(per cent) 
2553 17.23 £.68 6.83 5.21 13.42 54.63 
2392 17.23 2.68 6.83 5.21 13.42 54.63 
17.60 2.91 8.01 5.86 12.00 53.62 
3266 17.54 2.81 6.65 5. £3 13.19 54.59 
3469 17.28 3.29 6.70 5.11 11.01 56.60 
3440 17.39 2.80 6.97 5.03 11.03 56.78 
3272 17.56 2.79 8.45 5.75 12.06 53.40 
3460 17.95 0. 3E 6.59 6.15 11.79 54.20 
3302 17.22 2.67 6.94 5.35 11.85 56.00 
3157 18.00 3 .33 6.57 6.14 11.78 54.18 
2649 17.48 2.55 9.06 5.77 12.17 52.98 
0 d, 63 18.07 3.35 6.55 6.12 11.77 54.15 
2600 17.18 3.18 6.83 4.58 10.49 57.73 
3444 17.28 3.29 6.70 5.11 11.01 56.60 
3597 17.72 3.27 6.96 5.96 11.83 54.35 
3291 18.07 3.35 6.55 6.12 11.77 54.15 
3483 17.72 3.27 6.96 5.96 11.83 54.35 
3294 18.07 3.35 6.55 6.12 11.77 54.15 
2710 17.92 2.67 6.06 4.83 12.69 55.81 
3529 17.81 2.59 6.05 4.98 12.64 55.94 
,3160 17.49 2.95 7.00 4.84 10.90 56.83 
2378 18.14 2.78 6.49 4.98 13.20 54.40 
2643 17.29 2.62 6,85 5.30 11.89 56.06 
3432 17.50 3.31 6.65 5.35 11.22 55.98 
2963 17.95 0 • Oii 6.59 6.15 11.79 54. kjO 
3128 17.18 3.18 6.83 4.58 10.49 57.73 
3439 17.90 3.31 6.72 6.06 11.79 54.22 
2982 18.07 3.35 5.55 6.12 11.77 54.15 
2976 17.72 3.27 6.96 5.96 11.83 54.35 
3530 18.50 2.82 6.14 5.01 12.47 55.07 
3142 17.72 3.27 6.96 5.96 11.83 54.35 
3493 17.72 3.27 6.96 5.96 11.83 54.35 
3516 17.81 2.59 6.05 4.98 12.64 55.94 
3174 17.58 3.27 6.49 5.86 11.57 55.24 
2606 17.90 3.31 6.72 6.06 11.79 54.22 
i:/159 17.37 • cn
 
OD
 
6. 72 5.47 13.03 54.85 
Average 17.67 3.04 6.82 5.53 11.93 55.02 
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Table 45. Average proximate analyses of the hay 
received by each cox^ over the 
experimental period. 
Co"w Prot. 
Nutrients 
C.F. Ash Moist. N.F.E. 
ia553 
2392 
o6d2  
3266 
3469 
3440 
3272 
3450 
3302 
3157 
2649 
3263 
2600 
3444 
3697 
3291 
3483 
3294 
2710 
35A;9 
3160 
2378 
2643 
3432 
2963 
3lk;8 
3439 
2982 
2976 
3638 
3142 
3493 
3616 
3174 
2606 
2169 
13.94 
14.03 
13.91 
13.89 
13 .39 
13.38 
14.06 
13.76 
13.62 
13.63 
14.09 
13.30 
13.37 
13.43 
13.87 
13.43 
13.86 
13 .54 
13.64 
13.60 
13.42 
13.72 
13.74 
13.46 
13.66 
13.35 
13.82 
13.62 
13.80 
13.66 
13.82 
13.76 
13.63 
13.46 
13.77 
14.10 
1 »43 
1.45 
1.66 
1.46 
1.46 
1.41 
1.69 
1.49 
1.41 
1.46 
1.59 
1.46 
1.47 
1.48 
1.38 
1.45 
1.53 
1.49 
1.36 
1.43 
1.46 
1.41 
1.46 
1.48 
1 .60  
1.49 
1.34 
1.50 
1.52 
1.40 
1.46 
1.55 
1.32 
1.45 
1.42 
(per cent) 
27.56 
27.69 
27.56 
27.03 
28.28 
28.18 
27.23 
28.26 
28.07 
28.30 
27.05 
28.88 
28.02 
28.23 
27.81 
28.80 
27.63 
28.56 
28.09 
28.04 
28.14 
23.18 
28.09 
28.30 
28.34 
28.10 
28.12 
28.57 
28.11 
28.20 
27.82 
27.52 
28.13 
28.36 
28.14 
6.64 
6.68 
6,93 
6.66 
6.66 
6.48 
5.88 
6.85 
6.54 
6.84 
6.86 
6.77 
6.49 
6 .66 
6.97 
6.81 
6.92 
6.87 
6.58 
6.55 
6.48 
.6.57 
6.60 
6.64 
6.83 
6.54 
6.91 
6.81 
5.90 
6.48 
6.91 
6.98 
6.37 
6.63 
6.88 
9.99 
9.91 
11.74 
10.41 
10.97 
10.40 
11.91 
11.33 
9.99 
11.23 
11.94 
11.01 
10.82 
10.98 
11.61 
11.08 
11.52 
11.20 
10.03 
10.16 
10.41 
10.31 
9.90 
11.00 
11.23 
10.92 
11.32 
11.13 
11.28 
10.16 
11.45 
11.63 
10.11 
10.97 
11.34 
40.44 
40.33 
38.31 
40.56 
39.25 
40.15 
38.32 
38.32 
40.36 
38.64 
38.47 
38.58 
39.82 
39.21 
38.36 
38.43 
38.54 
38.34 
40.29 
40.22 
40.09 
39.82 
40.21 
39.13 
38.45 
39.59 
38.48 
38.37 
38 .38 
40.11 
38.55 
38.57 
40.44 
39.13 
38.46 
27.56 5.65 9.83 40.38 
Average 13.68 1.46 28.02 6.72 10.87 39.25 
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Table 46. Average proxlmete analyses of nutrients 
in the grain received by each GOV/ over 
the e:xperimental period 
Nutrients 
Gov.' Prot. E.E. 
1 
o
 
Ash Moist. N.P.E 
{per cent) 
2553 17.55 3.09 6.80 5.50 11.51 55.56 
2oS2 17.58 3.14 6.80 5.48 11,35 55.66 
36..5E 16.50 2.09 7,88 5.46 12.30 55.77 
0'c66 17.46 2.99 6.78 5.33 11.88 55,57 
3489 17.30 2.54 7.66 5.83 12.02 54.28 
3440 17.60 2.93 7.49 5.78 11.74 54.46 
3;i?2 16.32 2.11 7.58 5.42 12.28 56.18 
3460 16.89 2.21 7.80 5.59 12.22 54.88 
3302 17.67 3.14 7.14 5.51 11.39 55.15 
3137 16.89 • 21 7.80 5.59 1 o no pirn  ICj 54.88 
2649 J. o 0 0 2 2.11 7.58 5.42 12.28 56.18 
17.01 2.34 7.82 5,76 12.11 54.54 
26G0 17.52 2.75 7.51 5.00 11.86 54.37 
3444 17.30 2.54 7.6G 5.83 12.02 54.28 
3597 16.60 2.19 7.83 5.48 12.27 55.64 
3291 17.01 2.34 7.82 5.76 12.11 54.54 
3483 16.60 2.19 7.83 5.48 12.27 55.64 
3294 16.96 2.29 7.70 5.63 12.19 54.84 
2710 17.41 2.87 6.75 5.03 12.04 55.91 
3529 17.54 2.82 6.69 5.03 12.13 55.80 
3160 17.60 2.93 7.49 5.78 11.74 54.46 
2378 17.44 2.96 6.79 5.26 11.88 55.66 
2643 17.67 3.14 7.14 5.51 11.39 55.15 
3432 17.30 2.54 7.66 5.83 12.02 54.28 
29 63 16.89 2.21 7.80 5.59 12.22 54.88 
3128 17.49 2.68 7.54 6.16 11.99 54.15 
3439 16.72 2.21 7.80 5.55 12.19 55.44 
£932 16.96 2.29 7.70 5.5-3 12.19 54.84 
2976 16.72 2.21 7.90 5.53 12.19 55.44 
3538 17.47 2,94 6.76 5.25 11.9S 55.57 
3142 16.60 2.19 7.83 5.48 12.27 55.64 
3493 16.60 2.19 7.83 5.48 12.27 55.64 
351G 17.41 2.87 6.75 5.03 12.04 55.91 
3174 17.30 2.54 7,68 5.83 12.02 54.23 
2606 16.72 2.21 7.90 5.53 12.19 55.44 
2159 17.59 3.15 5.83 5 • oO 11.39 55.55 
Average 17.13 2.56 7.45 5.55 12.00 55.18 
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Table 47. Weekly consumption of hay in the 
preliminary period 
Weeks 
Cow 7a 
2553 160. .7 
2392 132 .5 
0 bO rw 152. 1 
OZ'0'6 IGki .9 
3469 198 .0 
3-140 116. .9 
3;;72 171, b (C 
o4 oO 138 .1 
3302 116 .0 
3157 192, .4 
2649 160 .7 
3263 144 .  6 
2C00 178 • 2 
34-4 132 .8 
3597 132 .9 
3291 161 .7 
3483 163 .3 
3294 164 .4 
2710 185 .5 
3529 103 .6 
3160 85 .6 
2378 182 .9 
2543 186 .9 
JJ4I> ^ 122 .0 
2963 187 .2 
31^6 190 .7 
3439 167 .0 
2982 166 .0 
2976 203 .5 
3538 121 .0 
3142 191 .3 
3493 145 .7 
3516 124 .8 
3174 142 .4 
2606 174 .8 
109 .0 
140.4 
12:3.3 
137.1 
176.8 
212.8 
13L.6 
1G4.2 
lo''^  • i> 
m . 7  
• 'c 
184.9 
i;:4.7 
204.6 
13S).l 
134.6 
182.6 
176.4 
IK. 9 
gUl.3 
136.7 
lib. 8 
189.1 
146.4 
168.7 
155.4 
66 .5  
178.1 
107.2 
194.8 
127.5 
190.3 
153.5 
134.4 
19 b. 8 
iil3.9 
117.7 
143. 5 
170.3 
142.1 
222.5 
144.3 
ISO. 5 
146 .8 
10 ci • 2 
214.2 
136.6 
178.9 
204.5 
166.9 
194.6 
164.3 
183.6 
1^2.1 
110.0 
17 V. 9 
140.5 
IB 6.3 
207.2 
166.3 
189.4 
163.6 
187.8 
150.2 
211.2 
166.4 
152.1 
180.1 
234.0 
(pounds) 
140.1 
121.8 
155.6 
116.4 
168.1 
128.6 
176.4 
184.1 
122.4 
233.1 
157.3 
108.5 
206.3 
152.1 
131.9 154.6 
Jl ( C B C 
165.1 
166.9 
196.7 
146.3 
132.0 
150.2 
122.4 
191.4 
205.3 
206.2 
192.2 
198.4 
196 .4 
142.6 
205.7 
179.0 
141.4 
215.9 
243 .5 
139 .5 160, ,9 189 .8 
178 .4 208 .2 201 .6  
li/3, .9 157 .3 128 .7 
100 .0 180 .5 210 .6 
IBO .8 196: .6  .3 
126 .1 139 .8 132 .5 
I 'j  6 .6 196 .6 250 .0 
190 • 4 207 .0 201 .8 
139 .  5 157 .7 3.39 T •  X 
211 .4 209 .8 k: 06 .6 
179 .1 176 .7 202 .2 
184 .  5 208 .  5 255 .2 
21s .4 24 5 .0 239 .3 
153 .7 170 .3 186 .9 
143 .0 143 .3 175 .9 
205 . 2 195 .6 211 .4 
181 n • ( 204 .5 233 .4 
178 .9 167 .8 211 .3 
2C'6 .0 183 .4 197 .9 
157 .7 163 n * » 176 ,4 
142 .4 163 .4  196 .6 
124 .4 194 .4 220 • 9 
137 .5 142 .3 161 .9 
67 0 • •./ 157 .5 153 .8 
167 .9 193 .0  235 .9 
209.0 
176.6 
196.7 
199.2 
134.2 
203.4 
1B8.7 
151.7 
231.5 
233.9 
222. B 
187.7 
206.3 
198.2 
117.6 
211.4 
1. ? (C 9 1. 
131.1 
238.7 
253.5 
222 .1 
214.1 
252.3 
128.5 
228 .2  
217.6 
90.2 
268.5 
263 .8 
146.3 147.7 164.1 143. 1(:)9.3 134.5 
"pyriocl of eigiit dayvS 
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Table 48. VJeekly consumption of concentrj.tes 
In the preliminary period 
<•{ v- i.?. o 
Cow 1 0 4 5 6 7a 
(pounds) 
103.5 95.0 81.0 92.5 83.0 95.5 119.5 
'cO ' -J ic 97.5 85.0 8-3.0 83.5 102.0 119.0 123.5 
•36-32 87.0 78.5 98.0 89.0 88.0 90.0 108.0 
O.cOO 126.0 l2u. 0 110,8 87.8 • 70.0 104.0 129.0 
3469 114.0 123.0 127.5 113.0 103.5 112.5 133.0 
•3440 77.0 79.6 83.0 77.5 16.5 80.0 81.0 
ScVB 98.0 105.5 107.5 101.0 li2.5 112.5 143.0 
•34 50 86.0 91.5 84.0 105.5 109 .0 118.5 115.5 
3o02 78.5 67.0 33.0 70.0 90.5 94.5 108.5 
•51^57 110.0 118.5 122.5 125.1 121.0 112.2 148.0 
2649 92.0 106.0 77.0 90.0 102.5 101.0 116.0 
3 2 DO 83.0 83.5 104.5 62.0 105.5 119.5 146.0 
2600 102.0 117.0 117.0 120.5 125.5 140.0 147.0 
5444 76.0 80.5 86. 5 87.0 23.0 98.5 111.0 
3597 76.0 77.0 75.5 85.5 91.5 92-0 100.0 
5291 92.5 104.5 95.5 102.0 117.5 109.0 121.0 
93.5 101.0 111.5 94.5 104.0 117.0 153.5 
3294 94.0 69.0 94.0 95.5 102.5 104.0 121.0 
2710 106.0 119.0 120.0 124.0 129.0 130.0 139.0 
3529 81.5 B5.Q 91.0 92.0 104.0 1 w 5.0 116.0 
3160 64.5 o8 0 0 85.0 75.5 31.5 93.5 112.5 
257S 111.0 124.0 118.0 112.0 72.0 112.5 137.0 
2643 111.5 104.5 95.9 78.0 37.6 39.0 110.5 
3432 70.0 93.5 105.5 109.5 45.0 33.0 33.0 
ic 0 3 107.0 105.0 113.5 117.5 96.0 111.0 135.0 
3128 109.0 61.0 38.0 113.0 114..3 127.0 145.0 
3439 95.5 102.0 103.5 110.5 1 1 0 0 107.5 127.0 
2982 101.5 107.0 93.5 113.5 112.0 118.0 122.5 
2976 116.5 111«5 107.5 112.5 114.0 113.5 144.5 
3b38 80.5 90.0 95.0 95.0 95.0 90.0 81.0 
3142 109 .0 1  ^'8 • 5 121.0 116.6 112.5 121.0 loO. 5 
3493 83.5 91.0 95.5 102.5 108.0 98 .5 124.5 
3516 77.5 87.0 91.0 92.0 101.0 101.0 72.0 
3174 81.5 112.0 103.0 123.5 152.0 136.5 153.5 
2606 100.0 1 <c^2.0 131.7 139.0 1.34.0 126.5 151.0 
2159 70.0 88.5 95.0 99.8 91.0 67.1 79.0 
®-Period of eight days 
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Table 49. Production of 4 per cent FCM In the 
adjustment and preliminary periods 
Ad.i • per.^ Preliminary period by weeks 
Cow Total 1 2 3 4 5 6 7b 
(pounds) 
2555 655.0 408.9 440. 7 373.8 374.4 331.7 380.8 409.6 
2392 505.0 347.4 323. 3 320.7 310.9 331.3 325.7 320.6 
•3632 386.0 306.2 297. 4 314.9 31o .4 283.3 278.0 34 3.5 
3266 463.0 464.5 452. 9 441.7 319.8 277.0 360.1 436.9 
3469 380.0 310«9 321.2 329.9 325.0 315.9 309.9 365.4 
3440 353.0 239.0 267. 1 258.5 232.2 241.3 214.2 224.5 
3E72 539.0 425.7 498. 1 468.5 426.1 438.6 415.1 489.1 
3450 572.0 388.4 373. 9 348.4 376.2 399.3 412.1 451.7 
3302 341.0 295.4 278. 6 201.8 245 .2 255,3 268.3 315.6 
3157 547.0 463.1 415. 7 477.3 478.0 434.0 439.5 490.7 
2649 536.0 334.5 381. 5 344.2 335.0 302.9 301.2 351.2 
3263 460.0 349.9 347. 7 316.5 286.1 335.5 332.0 418.0 
2600 501.0 344.3 379. 6 423.1 434 .0 420.3 412.1 441.0 
3444 453.0 299.8 336. 6 318.5 329.0 278.8 277.6 336.8 
3597 406.0 333.3 279. 9 277.9 278.3 288.4 278.6 303,1 
3291 565.0 376.8 421. 6 390.1 368.3 409.5 371.7 443.9 
3483 576.0 393.2 406. 9 389.5 325.4 326.8 362.9 417.6 
3294 304.0 323.9 oo4. 1 313.9 306.4 314.7 290.6 362.6 
2710 428.0 358.6 376. 9 410.9 390.8 413.1 399.1 446.2 
3529 406.6 311.4 261. 3 300.6 346.7 308.6 359.4 354.3 
3160 245.0 201.5 226. g 237.6 160.6 216.8 214.8 272.6 
2378 490.0 381.0 408 • 5 449.3 398.9 270.2 316.7 412.6 
2643 391.0 333.5 333. 8 297.6 270.5 328.6 341.8 403.9 
3432 349.0 278.1 291. 7 320.4 319.5 189.4 215.0 255.7 
2963 497.0 417.4 435. 7 467.3 410.1 370.9 409.6 442.6 
3128 459.0 441.2 231. 0 320.0 334 .4 349.3 352.7 379.2 
3439 529.0 383.0 352. 0 34 b. 4 351.2 335.6 310.6 363.9 
2982 743.0 472.9 446. 7 431.5 525.3 470.0 479.9 443.8 
2976 661.0 426.0 417. 8 382.7 382.9 387.9 368.5 390.9 
3538 319.0 241.7 288. 3 315.7 341.9 321.1 322.0 307.8 
3142 593.0 444.3 474. 6 477.7 449.0 438 • 7 443.4 490.6 
3493 500.0 429.1 374. 1 370.3 391.2 383.4 365.3 399.5 
3516 402.5 301.7 296. 1 303.3 322.3 295.3 307.1 255.0 
3174 554.0 405.4 412. 4 421.1 454.9 534.7 528.9 607.8 
2606 432.0 329.5 367. 0 385.2 413.0 439.8 4i^3.5 504.9 
2159 388.0 239.7 314. 0 292.8 297.8 252.5 240.3 209.0 
fjidjustment period of 10 days prior to recorded feed consumption 
"Eight days 
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Table 50. Weekly milk fat determinations over 
the preliminary period 
Week 
Gov; 
(per cent) 
2553 
2392 
3S32 
3266 
3469 
3440 
3E72 
3450 
3.302 
r3l57 
2649 
3263 
2600 
3444 
3597 
3291 
3483 
3294 
2710 
35t;9 
3160 
2378 
2643 
3432 
2963 
3128 
3439 
298E 
2976 
3538 
ol4 c 
3493 
3516 
3174 
2606 
6.4 
4.2 
0 • 5 
3 . 6  
3.8 
3.6 
3.6 
4.7 
3.9 
4.3 
4.7 
3.5 
4.9 
4.1 
5.3 
3.7 
'i .  4 
2.7 
4.0 
5.0 
4.5 
3.1 
3.2 
3.4 
3.7 
4 . 6  
6.0 
5.3 
4.0 
4.6 
4.6 
5.0 
4.1 
4.0 
3.4 
3.3 
3.8 
3.6 
3.3 
3.5 
3.8 
4.0 
3.4 
3.8 
3.3 
3.7 
5.1 
3.1 
3.8 
3.8 
3.4 
4.1 
3.6 
3.6 
3.3 
3.2 
3.4 
4. 
3.8 
4.7 
3.8 
3.3 
3.9 
5*2 
4.3 
4.6 
3.6 
4- 0 G 
3.4 
3.2 
3.4 
5.4 
4.0 
4.3 
3-6 
3.7 
3. (Cj 
4 .0 
3.0 
3.8 
3.6 
3.8 
3.6 
3.8 
3.4 
3.2 
3.7 
4.1 
3.6 
3.2 
3.6 
3.6 
3.6 
3.7 
3,7 
3.2 
3.9 
3.9 
3.6 
3.5 
3 .4 
4.4 
3.4 
3 . 3  
3.6 
.2 
3.6 
4.2 
3.5 
2.8 
3.8 
4.1 
3.2 
3.6 
3.4 
3.5 
3.3 
3.6 
3.0 
3.7 
3.3 
4.1 
4.7 
3.0 
0 • o 
3.5 
3.5 
3.2 
3.8 
3.4 
3.4 
4.1 
4.0 
3 . 6  
3 .0 
3.1 
4.3 
3 . 2  
3.0 
3.7 
3.3 
3.7 
3.4 
3.2 
2.9 
3.5 
3.7 
3.4 
3.4 
3.8 
3.7 
2.9 
3.5 
3.1 
3.2 
3.8 
3.3 
4.5 
3.1 
0 . 3  
3.2 
3.0 
3.1 
4. 
3.3 
3.6 
3.8 
4.1 
3.7 
3.5 
3.2 
3 .0 
3.0 
2.9 
3.2 
4.5 
3.6 
3.3 
3.0 
3.0 
0 . 6  
3 . 2  
3.4 
3 .3 
3.5 
3.4 
3.1 
3.3 
3.6 
3.1 
3.5 
2.9 
4 . 2  
3 .3 
3.0 
3.1 
3.2 
3.7 
3.4 
3.4 
3.5 
3.6 
3.3 
3.6 
3.2 
4.7 
3.0 
3.0 
3.2 
3.1 
3.6 
3.3 
3.4 
3.3 
3.4 
3.5 
3.1 
3.4 
3.0 
3.4 
3.0 
3.2 
2.9 
3.5 
3.5 
3.3 
3.0 
3.6 
3.2 
3.2 
3.3 
2.9 
3.7 
3.6 
3.8 
3.5 
3.6 
3.7 
3.5 
3.3 
4.0 
3.1 
3.1 
3.3 
3.2 
3.4 
3.5 
3.5 
4.5 
3.1 
3.4 
3.3 
3.1 
3.4 
3.2 
3.1 
3.4 
3.0 
3.5 
3.0 
0 . 2  
3.5 
4.0 
3.2 
3.0 
2.7 
3.3 
2.9 
3.1 
3.6 
3.5 
3.3 
3.3 
3.5 
2159 3.i 3.2 : • C 3.6 3.3 3.0 3.8 3.2 
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' i 'able 51. Body wslght changes during the 
adjustment and preliminary periods 
Gow 
Days 3' 
12 24 36 48 60 
(pounds) 
2553 1470 1397 1334 1256 1278 
2oy 1250 1220 1194 1193 1193 
•3652 1042 1024 1048 1020 1049 
3266 1124 1109 1022 969 1021 
3469 1349 1373 1360 1315 1339 
3440 872 869 914 900 915 
3272 1382 1298 1262 1242 1274 
3450 1192 1116 1101 1138 1128 
3302 1354 1298 1260 1272 1273 
3157 1240 1213 1261 1255 1263 
2849 1213 1182 1115 1149 1141 
3263 1193 1068 1049 1100 1140 
2800 1445 1464 1451 1461 1442 
3444 1018 976 989 995 1005 
3597 923 907 899 910 891 
3291 1246 1175 1153 1205 1178 
3485 1140 1083 1108 1055 1108 
3294 955 946 959 988 964 
2710 1184 1151 1129 1136 1113 
3529 966 927 937 930 947 
3160 1073 1007 1008 1052 1091 
k:.378 1320 1264 1233 1139 1203 
2643 1644 1612 1538 1490 1479 
3432 1060 1029 1037 944 962 
2963 1190 1188 1214 1201 1213 
3128 1212 1176 1202 1217 1195 
3439 1075 1071 1065 1060 1095 
2982 1374 1332 1307 1315 1297 
2976 1261 1280 1250 1252 1255 
3538 1032 1016 1030 1016 982 
3142 1441 1380 1369 1335 1314 
3493 1106 1061 1038 1059 1050 
3516 963 968 946 964 891 
3174 1330 1260 1229 1257 1247 
2606 1356 1304 1291 1298 1293 
£159 1285 1203 1183 1189 1097 
^•Each entry is the average of three consecutive four-day 
weighings and each successive entry for days represents 
a 12-day interval 
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Table 52' "eekly consumption of hay over the experimental period 
Cow 1 • 2 3 1+ 5 6 7 s 9 10 11 
2553 169.7 i6i+,i|. 157.2 175.8 191.7 16'+. 8 217.0 171.0 250.0 263.6 283.8 
2392 132.3 20g.l+ 132.5 223.7 228.5 I9I+.O 267.0 279.1 286,3 273.9 28':.2 
3632 136.3 20I+.0 209.0 205.0 209.0 210.6 151.2 191+.7 222.0 205.0 1^6.1; 
3266 22l|-.6 23^.5 lgl+.7 197.2 192.9 230.2 237.8 216.6 223.1 220.3 ?37.5 
31+69 221.5 277.? 2gf?.2 281+.9 286.3 275.5 280.1: 258.6 Pjn.Q 271+.5 2-9.3 
3l4i»0 19Q.0 I66.li 153.0 159.9 193.0 206.2 201+.5 201+.1+ 221.0 203.8 215.7 
3272 2I+I..? 256.2 253.0 2l|9.9 251.3 2I17.I 21+9.2 21+5.7 2I+3.6 21+5.0 2ia.5 
31+50 I7IJ.O 212.0 238.1.'^ 23I+.O 223.2 11^7.9 226.8 233.8 231.7 232,1+ 228.9 
3302 192.0 213.0 2l!-7.g 221.7 21+3.6 2I+5.7 2I+8.5 21+5.0 2I+3.2 21+3.6 ;?'i0.S 
3157 233.1 23I+.5 231.0 228.2 228.9 205.6 217.5 216,0 221.9 222.6 219.1 
26U9 209.0 19O0I 203.0 207.0 203.2 190.3 209.0 213.1 212.5 197.7 20 J, 2 
3263 226.1 227.5 223.3 221.2 221.9 218.1+ 178.9 211.5 2l'U? 215.6 211.1+ 
2600 219.1 219.7 217.0 2ll-t.2 21I1.9 212.1 213.5 210.0 208.6 210.0 206.5 
3Wji| 190.0 1-^14.9 lgl.9 1Q1.6 192.5 189.0 170.1+ 181.2 186.3 181.2 167.5 
3597 151.0 162.0 152.8 176.5 179.0 153.0 161+.0 132.2 li+7.1 170.5 I72.S 
3291 m.3 1!?2.0 179.2 177.8 179.9 175.0 177.1 17'4.3 172.9 173.6 171.5 
3Us?3 176.1+ 177.1 17I+.3 172.9 173.6 170.8 172.2 169.1+ I6J^.O 168,7 166.6 
329I1 169.1+ 170a 167.3 165.2 166 oG 163.1 165.2 159.2 162.1+ 160.1 158.9 
2710 106.5 63.7 126.5 liio.5 II+2.I 133.9 125.0 139.0 135.5 139.2 13T.3 
3529 121.7 97.2 78.1 123.1 132.7 133.7 118.6 129.1 128.9 132.3 130.2 
3160 11+2.1 137.7 llil.ll 136.8 ii+o.n 137.9 135.3 137.2 lj)5.3 136. J 13>7 
237s ll+O.O 126.7 130.9 129.5 130.9 128.1 129.5 120.3 110.6 121.0 123.1 
261+3 106.6 llm.7 13K.6 137.2 137.9 135.1 138.6 137.2 135.9 136.5 Iji+.l^ 
3^32 123.3 125.3 123.2 120.8 122.5 120,1+ la.s 119.7 118.3 119.0 116.9 
2965 115.5 115.5 m.2 113.1+ 113.1' 112.7 ill.3 111.3 109.9 110.6 109.2 
312!? 169.1 9!?.0 91.0 100.6 113.1+ 111.3 112.7 111.3 110.6 110.6 109.2 
31)39 112.7 113.1+ 112.0 110.6 110.6 109.2 109.9 108.5 107.1 107.8 106.1+ 
29!? 2 go.9 65.1 61+. 1+ 63.7 63.7 62.3- 63.0 62.3 61.6 61. 60.9 
2976 35.3 61+.1+ 63.0 62.3 62.3 61.6 62.3 61.6 60.9 60.9 60.2 
353? 122.0 7I+.9 59,6 59.6 i+i+.i 56.9 58.8 57.2 55.1 55.8 
31I+? 79.5? 59.5 58.1 57.1^ 57.1+ 56.7 57.1+ 56.7 56.0 56,0 55.3 
31+93 9ll-.0 51^.6 53.9 53*2 53.2 52.5 53.2 52.5 51.8 51.8 51.1 
3516 53.2 1+1.7 35.7 1+8.1 51.7 38.6 35.1 1+9.1 I19.8 50.3 1+9.6 
3171+ f?q.7 50.1+ I+Q.7 1+9.0 li9»7 ii^;.3 1+9.0 I18.3 1+8.3 1+8,3 ^7.7 
2606 97.0 51.1 Sn.Ii- 1+9.7 50. U ii-9.0 1+9.7 56.n 1+8.3 49.0 1+8,3 
2159 !?0,9 l+Q.O 1+8.3 1+7.6 1+8.3 1+6.9 1(8.5 1+6.9 1+6.2 1^6.2 1^6,9 

rimeatal period 
W e^s 
8 9 10 11 12 13 li+ 15 16 17 13 19 20 t 
(pounds) 
171.0 250.0 263.6 2^3. s 293.2 273.0 232,3 282.6 233.3 23««9 239.7 233,6 233,It 21 
279-1 286.3 273.9 2g'U2 290.^1- 270,2 275.3 26I+.I 2l+l»9 267.5 271.0 230.0 27it.o 2-
I9I1.7 222.0 205.0 iqs.ii 2i3.o 223.0 217.0 2llt.O 203.0 213.0 200.7 177.0 175.0 If 
2i6.6 223.1 220.3 237.5 252.0 232.IJ 21+3.5 2I+3.5 2^5.1 2lt0.3 2lt0.3 2it3.6 237.1 2j 
25??. 6 270.9 271^.5 269.3 232.7 256.it 269.1+ 263,5 266.7 260.3 261.1 ?6n.i 253.'+ 2! 
221.0 203.^ 215.7 170.3 196,0 193.0 171.0 195.0 196.0 195.0 16S.0 191.0 V 
2!+5.7 2i)-3.6 2'-l5.G 2)41.5 2^^0.1 238.0 237.3 236.6 23^t.5 230.3 136.0 17^-!.7 222,5 2: 
233.3 231.7 232.it 22g.9 227.5 226.1 226.1 223.3 222.6 217.7 213.9 217.7 215.6 21 
S^I-S.O 2^^3.2 2H3.6 2'iO.S 237.3 237.3 236.6 235.9 233.'--5 22S>.9 223. s 223,0 223.9 2; 
216.0 221.9 222.6 219.1 217.0 215.6 21I+.9 21I+.9 2H.lt 205.2 207.3 20?:. 5 iqQ.it 2( 
213.1 212.5 197.7 207.2 196.6 209.3 196.0 202.2 203.6 201.5 17I+.5 132.6 169.3 1! 
211.5 21!U2 215.6 211.il 210.0 20!?.6 267.9 207.? 203. g iqq,!^, 200,1! lpn.5 1< 
210.0 20S.6 210.0 206.5 205.1 20li.li 203.0 203.0 »1.1 196.7 197.3 196.3 106.0 1< 
m.2 lg6.3 15^1.2 167.5 169.6 m.i 170.1 I73.S 1^3.6 173.5 175.0 173.1 171.2 li 
132.2 lii7.l 170.5 I72.S 173.'^ i76.lt 175.7 175.7 172.9 169.1+ l69.lt 169.l! 153.0 i; 
17^-.3 172.9 173.6 171.5 170.1 l6g.7 I6S.O I6S.O 166.6 119.6 II+9.7 1^3.1 161.0 1! 
16G.14 I6F;.O 163.7 166.6 165.2 163,3 163.1 163.1 161.0 15^.? 15'^.? 157.5 157.5 1 
159.2 162.4 160.1 158.9 132.7 156,3 155.6 156.1 150,?, llis.lt 151.2 150.5 lliQ.l 1; 
139.0 135.5 139.2 137.3 115.1 127.2 125.3 131,6 130.? IPT.I; 103,7 127.1 125.6 1 
129.1 128.9 132.3 130,2 129.0 123.3 109.3 I20.lt 1-3.9 120.1; 121.1 120.4 119.0 1: 
137.2 135.3 136.5 l>'3.7 133.0 131.6 131.6 130.9 129.5 103.0 117.3 12i^.O Iglt.s 1 
120.3 110,6 121.0 123.1 122.1: 109.7 121.1 120,3 113.7 116.9 117,2 113.2 117.6 1 
137.2 135.9 136.5 133.7 133.0 132.3 131.6 130.9 12S'.l 123.1 127.1i 120.7 1 
119.7 1155,3 119.0 116,9 116.2 115.5 lilt.? llH.l 113.lt 110.6 110.6 110.2 109.2 1' 
lii.3 109.9 110.G 109.2 log. 5 107.3 107.1 107.1 105.6 103.6 loii-.3 103.6 102. q 1 
111.3 110.6 110.6 ioq.2 10?,. 5 107.3 107.1 107.1 105.7 105.7 102.1 103.6 1-^2.9 1 
log. 5 107.1 107. 106. H 105.7 105.0 105.3 loit.3 101.7 100.3 102.7 100.1 100.3 
62.3 6l»6 6l»') 60.9 60.2 60,2 60.2 59.5 •59.5 56.7 57.lt 57.^i 56.7 
6l«6 60.9 60.9 60,2 59.5 53.3 53.3 53.3 53.1 53.1 55.3 56.7 56.0 
57.2 55.1 55.'^ pi-.?! 50.3 61.9 55.3 itg.'^ 53.0 SO.i'i 51.0 52.3 50.1 
56.7 56.0 56.0 55.3 54-. 6 5ii.6 5lt-.6 53.9 53.9 52,5 52.5 52.5 51.9 
52.5 51.f? 51.S 51.1 50.U 50. li- 50.4 50.ij. ltq.3 lt3.3 H3.7 1^3,3 If 7.6 
49.1 itg.B 50.3 '19.6 14'<.9 I17.2 ^7.7 kl'5 lt-6.'? '•'6.2 lt<^.2 lt<.l 
^iS.3 4.^.3 il'5.3 '^7.7 1^7.6 1+7.0 1+6.9 lt6.9 I1-.3 lt5.- '!5.5 i'5.5 1:1+. 9 
56 lis. 3 5-!9,0 ^8.3 li!?.3 h-j.e 1+7.6 lt7.6 lt-6,9 H6,2 1I6.2 1^6.2 I15.5 
!46.9 1|6,2 hf>,9 ii6.i 1^5.6 1+6.1 1^5.5 ^t5.3 lilt. 2 Uk.g l^l-i.O 

15 Ha Tf IS 19 20 P:L 
2^2.S  2?3.3 2S<^.9 2^3 0 7  2g?.6 2S!?.4 279.6 275.2 274.5? 263.0 260.6 236.2 
26H.1 2^ia.9 267.5 271.0 2S0.0 274.0 270.9 270.9 24g.4 252.3 268.1 254. S 
21H.0 203.0 213.0 200.7 177.0 175.0 l6l.O 1'12.1-i 173.0 173.0 lt?7.0 166.5 
2Hg.5 2^5.7 2hOog 2!J0.g 243.6 
?60.1 
237.1 23!;.0 23g.O 22f?e0 22?;. 2 219.0 216,0 
2S?!.5 266.7 260.3 261.1 255^.4 25''i 195.6 2U7.4 246.0 252.0 239.2 
171.0 195.0 196.0 195.0 l6g.o' 191.0 201.0 198.0 192.3 190.5 200.0 
23S.6 23't.5 230.3 i??6.o 174.7 222.5 224.7 224.7 219.1 217.0 222.6 213.5 
223.3 222.6 217.7 21!?.9 217.7 215.6 212.S? 211.2 206.6 173.5 190.9 199.8 
235.9 233 0^' 22>1.9 223.s 228.9 22?-.9 221.9 224.0 l62.q 162.9 221.0 212.7 
214.9 211 »!t 205.2 207.!? 206,f; 190.4 201.6 201.6 201.6 1S7.6 199.5 169.7 
202.2 20g.6 201.5 17^^.5 132.6 169.3 lgi?.5 193.? 1!?7.3 1S9.7 19'i.S US.2 
E07.<? 203..? l'i9.5 200,'! 1QQ.5 197.4 192.5 W3.7 lf56.7 187.0 190.0 1^2.7  
205.0 201.1 1Q6.7 197.3 lQ6.g 1Q6.0 194.6 191.?! 191.S 1«6.9 184.8 189.7 
17?.g 173.5 175.0 173.1 171.2 l6q,)' 16!?. 4 164.1 162.5 167.3 157.7 
175.7 172.9 169.'+ 169.4 169.4 153-0 139.5 135.7 ll-'O.f; 143.5 152.8 143.0 
I6S.O l6h,6 119.6 149.7 I'^^.l 161.0 I6;L.O 156.?; 155.4 153.3 157.5 151.2 
1^^3.1 161.0 15«.? T v:r f  0  157.5 157.5 15H.0 i5'-o l49.g l^S.4 152.6 145.6 
156.1 150,?, 131.2  150.5 l^JQ.l l4'^0 1^^7.0 ll:2.g li!l,4 145.6 127.6 
131.6 130.? IPT.I; log. 7 127.1 125.6 iri^.i 123.9 122.4 120.6 123.4 123.9 
120. i-i 1-3.9 120.U 121.1 120.4 119.0 115.5 115.5 115.5 106. 117.6 111,3 
130.9 129.5 108.0 117.3 126.0 124.6 122.5 122.5 11!?.3 117. 120.6 117.1 
120.S 11?.7 ii6.q 117.2 11?!. 2 117.6 117.6 112.0 112.3 112.1 112.7 109.2 
131.6 130.9 12!^.1 127.'i 1 cOt f  12^.7 123.7 121.3 120.4 123.9 113.3 
llH-.l 113.1!- 110.6 110.6 110.2 109.2 107.?^ I07.S loli .3 102.9 106.4 101.5 
107.1 105. ^  103.6 10'4.3 103.6 102.9 100. g 100. g 9S.7 97.3 100.1 95.9 
107.1 105.7 105.7 .102.1 103.6 102.9 100.?; lOO.g 9?. 7 97.3 100. g 95.0 
ioii.3 101.7 100.^ 102.7 100.1 100. p: 9??.7 93.7 95.9 95.2 9S.0 93.1 
59.5 59.5 56.7 57.4 57.4 56.7 56.0 56.0 54.6 53.9 55.3 52.5 
58.!? 5«.i 53.1 55.3 56.7 56.0 55.3 55.3 53.2 52.5 54.6 51.8 
kg.f! 53.0 50.^ 51.0 52.3 50.1 51.5 51.? 57.1 49.2 50.?! 4g.7 
53.9 53.9 52.5 52.5 52.5 51.9 51.2 50.3 50.1 49.1 50.s 4^.7 
50.ii- ^9.3 ^?;.3 4g.7 4^.3 47.6 46.9 46.9 45.5 41- .B 46.9 it4.o 
47.5 116.'? '•'6.2 46.2 4^.1 l!5.1| 44. f? ^14.7 44.5 43.6 44.« 4ia 
It-. 5 1(5.- ^15.5 45.5 Ji4.9 l!4.2 44.1 43.5 42.8 43.9 42.3 
^7.6 hfu2 '!6.2 '4.2 45.5 Uil.f? '-(4.S 44.1 43. !J 44.1 42.7 
^5.5 ^.3 hk,2 44.!? 44.0 Uj.h 43.2 42.0 42.1 42.5 41.3 
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Table 53' '^'feekly constusption of conceatrates over the experiraeatal period 
Cow "T" 2 3 5 5 T s 9 ^10 11 
2553 I19.3 3^1.5 33.0 37.0 39.7 32.1 lJ-2.0 32.H lig.O 51.1 54.6 
23*^2 56.6 3^'5 3^.9 l.'U.7 U0.7 50.lt 52.5 5h.Q 53.1 55.9 
3632 3^'l 39.? 3?!»6 39.7 iil.9 30.2 35.7 ho, 2 36,3 36.6 
3266 J?5.5 5S.6 37.0 3<^.6 Ho.i ii5.o i|5.8 kk,l? 46.3 45.7 
31^69 i+i4,l 4^.0 53.7 53.2 53.9 51.3 52.5 47.0 50.3 51.3 49.9 
3^140 51.n 35.^ 2f?ig 31.S 37.0 J|0,!| H0.9 33.S? U2.I 39.7 4l.4 
3272 60,il- >1^.3 ^7»6 ^'!*6.9 l^7.6 '16.2 l!6.9 k6.2 ''5.5 ¥1.2 45.5 
3^50 35.2 '40.1 ^:4.5 ^1.2 2g.5 ^2.2 1411.1 43.4 42,7 
3302 %,? i<6.9 ^'.5.3 it6.? ^6.2 '-:6.2 ^6.2 ^5.6 45.5 44.8 
3157 107.1 107.!? 106. )l 105.0 97.5 9^.9 9»4.3 102.9 102.2 10?. 2 lOO.g 1 
26U9 92.0 9^.2 95.9 93.6 ^>7.7 96.9 97.1 97.3 qo.4 95.0 
3263 ioi^.3 ioJu3 102.9 101. 102.2 100.1 g6.7 97.0 9S.7 92.7 97.3 
2600 inoi,? 100. g 99.'-! 9?.7 9f!.7 97.3 9^.0 96.6 95.9 96.6 95.2 
3l|ltH gPi.O «7.7 «?3»2 ?S.2 !?g.2 gfi.S Jfi.O S3.2 <'^5.5 s:'!3.<? 76,8 
3597 60.7 7ii.l 73.3 >'?1.3 ??3.7 75.5 75.5 60.5 6^.1 , o2»5 79.^ 
3291 *?3.3 g^.O ^2.6 si.q ?1.9 go. 5 a.2 go.5 79.S 79.^ 73.4 
3^??3 a. 2 f?1.2 7^.1 79.^ 7S!.i+ 70.1 77.7 77.0 77.7 76.3 
"^2qii- 77.7 75^.>-' 77.0 76.3 76.3 7^.9 75.6 73'h 7i<.9 73.3 73.5 
2710 152.6 5^3.5 132,? 11^.7 150.2 11^7.0 135.^ 1^:5.6 li!l+.2 l44.2 142.2 1 
3529 1H6.3 132.9 ^1.6 130. 1I40.0 ll-IO.O 135.1 139.5 137.9 13T.9 135.9 1 
3150 1I19.S ll|Q,g 1H7.7 1H5.6 1U6.3 l^n .2  lh5.6 li+2.f? 1^41.if l4 p.i lllO.O 1 
237^ 13(^.0 135.7 137.2 I3if.4 137.2 133.7 135.1 i32.q 129.^t 126.6 130.1 1 
26k3 log.q 1H6.3 i'-i5,6 1I16.3 1>-I3.5 14^.7 142.8 l4l.il li'2.1 l40.0 1 
3^32 129.6 130«9 12f?.!? 126.H 12f^.l 125.3 126.7 I2H.6 123.9 123.9 122.5 1 
2963 120.54 121.1 iiq.o 117.6 llf?.3 117.6 116.2 116.2' 114.g 115.5 113.4 1 
312s' 120.5 121.9 119.6 • 117.6 lis. 3 116.2 117.6 116.2 ll4.« 115.5 113.4 1 
3^39 117.6 llg.3 116.2 115.5 115.5 113.^ li^.g 113. 112.0 112.7 112.0 1 
mp 190.5 207.2 POlf.lf 201.6 202.3 199.5 200.9 198.1 196.0 196.7 193.9 1 
2976 1!?9.3 20i|-.'i 200.9 199.5 196.7 iqg.i 19^.6 193.2 193.9 101.1 1 
353^ 105.0 150.1 IKi-ll.S 132.3 17P.B 173.6 i«3.^t 1S1,3 160,6 152.5 1 
31U2 175a 1!?7.6 i5;2,7 1^3 lgo.6 1J?2,0 179.2 177.? 17^^.5 176.4 1 
3>i93 157.3 17H.3 171.5 169.il 170.1 167.3 16s.7 165.9 l6^i.5 165.2 163.1 1 
3516 16!?. 7 12<1.0 113.0 151.6 i6h,s 1I1U.5 11?. 2 152.7 159.7 159.9 157.'i 1 
317^ 157.6 161.0 15!?.9 156.?! 157.5 15^.7 156.8 I5i!.7 153.3 153.q 152.2 1 
2606 160.g 162.7 ir;i.6 15^.9 15^.5 15'^.^ 15?.2 156.1 15^.7 155.4 153.3 1 
2159 12I+.O 157.2 156.1 15'?. 2 15':. 7 152.6 153.3 151.9 150.5 150.5 I47.S 1 

e experimeatsl period 
Weeks • 
f5 9 10 11 12 13 14 15 16 17 1!? 19 20 21 
(pounds) 
2.H 51.1 5U.6 55.5 51.1 53.0 52.9 53.0 53.8 54.5 54.0 53.9 52.0 
2.5 5h.O 53.1 53.9 5lJ-.0 51.1 52.3 itg.S 46.6 50.1 50.7 52.5 51.8 51.1 
5.7 '+0.2 36.8 36.6 32.1^ i|0.4 39.2 3S.6 36.4 38.4 42.2 3^.3 35.0 35.li 
5.3 ^6.3 45.7 !+7.5 43.'+ 1-1-6.5 I<-7.6 1+6.9 45.5 46.,2 45.5 45.5 44.? 
7.0 50.3 51.3 1+9.9 1+3.6 51.0 50.U 50.3 ^9*7 4g.9 49.0 47,9 4g,2 47.6 
k2.1 39.7 1J1.1I 3H.9 37.0 36,3 31.9 36.5 36,4 3696 31.0 36.4 37.9 
S»2 ii5.5 ^[6 6 2 115.5 4lUg ^5.2 kk.i 43.4 35.5 36.5 42.1 l'2.0 
1^3. 1^2,7 42,7 ^2.7 l|-2.7 Hi.2 ^2.0 4o.6 40.6 40.6 4o.6 39'9 
5.2 115.5 ^15.5 IJU.? l:U.g Mk.l 4I1.I kk.l 42.7 4l,6 1-2.7 42.7 42.0 
g.9 10,%? 102.2 lOO.g 100.1 , 99.If 98.7 9^ol 97.3 95.2 95.2 95.2 93.8 92.4 
7.1 97.3 QO.U 95.0 93.3 96.0 38.2 91. 95.9 93.0 87.1 63.5 79.1 558.8 
7.0 98.7 98.7 97.3 95.6 95.9 95.9 95.S 95.6 90.2 92.4 91.7 91.0 88.8 
5o6 95.9 96.6 95.2 9I4.5 93.s 93.1 93.1 92.4 90.3 90.3 PC.3 qo.3 S?9.6 
3.2 f?5.5 83,!? 76.!? 77.1 S3.2 l$.l 82.3 76.5 79.7 7q.s 79.7 78.9 77.7 
?.5 6«?.l S2.5 79."^ go.o SI. 2 m.5 80.5 7q.8 77.7 77.7 77.7 75.6 69.7 
^.5 79.? 79.^ Ifi.h 7^.1^ 77.7 77.7 77.0 76.3 59.5 68.5 74.9 lho2 74.? 
7-7 77.0 77.7 76.3 75.6 75.6 75.6 77.2 74.2 72.8 72.3 72.8 72.1 70.7 
5.I1 7^-.9 73.3 73.5 62.U 72.1 72.1 71.I1 71.4 68,6 6^^.3 69,3 6g.6 67.2 
5»6 lii-^.2 lll2.2 liio.i 13?.^ 140.0 139.3 137.9 154.4 134,4 134.4 133.2 131.2 
)'5 137.9 137.9 135.9 13^.6 133.0 130.9 128.3 130.9 127.4 127.4 127.^-' 126.0 123.9 
2.^ ll4l.i|- 1^2.1 lllO.O 138.6 137.9 137.2 136.5 135.1 90.2 Q0,7 131.6 130.2 128.1 
129.^! 12n.6 130.1 129.^ 126.7 12S.1 127.8 125.7 123.9 123.8 123.1 122.5 122.5 
2.8 lUl.)4 11-^2.1 l^JO.O 139.3 138.6 137.9 137.9 135.8 153.8 133.7 133.0 132.3 132.3 
•i-»6 123.9 123.Q 122.5 121.1 120.H 119.7 119.7 118.3 115.5 115.5 lll^.<^ ll4.i 112.0 
)o2 114.g 115.5 113.^ 112.7 112.0 112.0 112.0 106,6 n8,5 10.=!. 5 107.8 107.1 105.7 
>.2 11^1.« 115.5 113. 112.7 112.0- 112.0 111.3 110.6 110.6 10^^. 4 107.8 107.1 105.7 
).>4 112.0 112.7 112.0 109,9 109.2 109.5 10S.6 107.4. 107.1 lo4.6 105.0 10l(.3 102.Q 
5,]. 196.0 196.7 193.9 192.5 191.1 190.5 189.7 I8Q.7 1^11.3 184.1 l^'l.l 1F1.3 178.5 
i-afl 193.2 193.9 101.1 1?9.7 lgg.3 137.6 186.5 If^li.P! l;3!4.g 178.3 1<^0.1 179.3 175.7 
S.H 1^11.3 160.6 152.5 125.6 65.2 159.3 120.7 169.8 169.3 16^.7 i6g.l 164,l! 163.3 
).2 177.3 17^.5 176.^! 175.0 173.6 173.6 172.9 172.9 167.3 167.3 166.7 165.4 163.4 
>9 165+.5 165.2 163.1 161.7 160.3 159.6 159.6 156.5 154.0 155.0 153.3 151.9 149.'^ 
5.7 159.7 159.9 I57.if 156.7 156.1 152.9 153.8 152.1 149.1 149,0 14P!.2 146.7 144.9 
U7 153.3 153.9 152.2 150.7 1^9.9 1^9.2 ll^f?.5 I4«.2 ll!4,6 144.3 l!'4.S lli3.0 l4i.o 
5.1 15^1.7 155.^^ 153.3 152.6 151.9 151.2 150.5 iHg.i 146.3 147.6 146.3 I44.9 142.;? 
u9 150.5 150.5 lii-7.? lit6.9 11)6.2 
0
 e ll-;-3.8 I4I.5 l'^2,l l4i.i 139.7 137.9 

II? 19 20 21 22 23 2lf 25  ^
5^.5 5I+.0 53.9 52.0 51.3 51.3 ilg.9 1+9.0 iiii.3 
50.7 52.5 51.? 51.1 51.1 ii7.0 't  /  0 - J 5'3.i+ ii7.6 
H2.2 3^.3 35.0 35.il 31.1 32.5 32-3 35.3 32.3 
H6.2 ^'5.5 ^•5.5 is-it.? H3.1 ii2.7 41.0 il0.il 
Uq.o U7.q I17.6 37.1 ^5.5 H6.3 •^6.9 i+iJ-.S 
36.6 31.0 36,U 37.9 3^.2' 37.3 33.3 35.9 37.il 
35.5 36.5 H2.I ii?.0 42.0 ill.3 iio.6 42.0 39.9 
lK).6 Ho.6 39.9 37.g 39.0 33'S 35.9 37.il 
Hi.G ^'2.7 li2.7 42.0 iiO,3 35.2 !;i.3 39.9 
95.2 95.2 93.!? 92, H 92.il SO .3. !?g.9 91.7 go.5 
B7.1 63.5 79.1 Sg,g ^9.0 !?7.7 27.5 90.0 g5.ii 
92.1i 91.7 91.0 gg.g 39 eS B6.0 So.O ?7.2 gil.O 
90,5 90.3 90.3 ^9-6 s?g.2 S?g.2 g6.i gii.7 87.5 
79.8 79.7 7f?.9 77.7 77.il 75.i^ 7ii.6 77.0 73.'^ 
77.7 77.7 75.6 69 .,7 66.2 70.1 » ro
 
69.8 iio.7 
6s.5 7^^O9 7H.2 Jh,? gl.g 7i.il 70.7 72.1 69.3 
72.3 72.8 72.1 7OJ 70.7 69.3 6.?.6 70.0 67.2 
6^.3 69.3 68.6 J « 2  67.2 65.8 65.1 66.5 63.7 
13^1.^ i3ii-.il 133.2 131»2 130.9 127.9 1 OP < X u. . 12? .9 129.5 
127. 127.^^ 126.0 123.9 123.9 12n.i! 9^.7 122.5 116.2 
09.7 131.6 130.2 12?.,1 12s.1 123.3 l22.^' 126.0 122.2 
123.S 123.1 122.5 122.5 117.2 117.2 117.0 117.6 llil.l 
133.7 133.0 132.3 132.3 12??.1 i27.il 125.3 12g.?; 123.9 
115.5 11'%^ 11)^.1 113.0 112.0 109.2 107.55 111.3 105.7 
10.^.5 107.? 107.1 105.7 105.7 102.9 102.2 105.1 100.1 
10-^. i! 107.2 107.1 105.7 105.7 102.9 102.2 10;; .0 100.1 
10^1/) 105.0 lo)<.3 102.9 102.9 100.1 99. il­ 102.2 97.3 
Ig^M m.3 17^.5 173.5 173.7 l/1.5 r[b,h 16.^,0 
17^?.3 IJ^O.l 17^.3 175.7 175.7 170..=? 16?!.7 173.6 165.2 
loH.l l6ii-.i3 163.8 I63.H 159.6 137. ii- l^a.O i5ii.5 
i^'7.3 li';6»7 l65.ii- l63.il 166.7 160.1 157.1 lol.O 155.7 
155.0 153.3 151.9 149. S' 149. B lii5.6 lil-3.5 lifg.ll 139.3 
l'49.0 l'4^.7 1W1.9 liiil.? lii3.5 139.3 143.5 99.5 
1WI.3 iii'f.g i's5.o iHl.O I!;O.7 13^.3 136.1 i39.il 134.6 
1)47.6 1I16.3 lUIi. ,q li'2.!? 142»g 139.3 137.9 1^1.)' 135.5? 
11:2.1 lUi.i 139.7 137.9 i37.'i 13ii.2 I33.G 136.5 150.9 
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Table 54. Fleturns of leaves and. steins in the 
experimental period. 
Cow 
1.1 ^ VSCCXi. 
no. Leaves Stsrns Cow 
k'eek 
no. Leaves Stems 
(pounds) (pounds) 
2553 13 17.4 3272 a 1.7 
26 4.6 17 3.3 
IB 2.5 
239 2 6 16.5 
9 32.4 3450 1 3.0 
13 29.6 2 7.0 
15 1.7 4 6.5 
5 7.7 4.2 
3632 3 7.7 22 9.8 
9 4.7 24 0.6 
10 1.5 9.2 
12 2.0 3302 6 4.3 2.5 
19 16.2 6 2.3 
20 6.5 23 4.6 
3266 13 17.3 3157 3 13.3 
21 9.2 5 7.5 
22 8.4 1.6 19 3.0 
23 10.1 
24 2.8 2649 3 3.1 
25 6.1 4 5.6 
26 8.7 6 p 
7.7 
0 Q 
3469 2 1.3 
U 
9 
D • O 
7.8 
3 . 3.1 10 6.0 
4 4.6 12 6.0 
5 7.3 13 1.6 . 
9 6.4 14 2.9 
11 9.1 
16 16.4 2600 1 5.5 
19 8.0 21 13.2 
, 23 6.1 
3444 8 5.1 
3440 3 2.1 12 2.3 
5 4.1 13 3.3 
6 4.1 16 4.2 
n 1.7 19 7.5 
8 7.0 
14 7.8 
18 4.0 
19 17.1 
183 
Table 54. (Continued) 
\veekL Vseek 
Cow no. Leaves Stems Cow no. Leaves 3i;emi 
(pounds) (pounds) 
5597 1 13.0 3294 3 3.3 
4 6.8 
12 9.4 2710 25 2.4 
13 1.5 
14 3.1 3160 22 4 . 2  
3291 17 8 . 7  2643 1 10.0 
3128 1 4 .0 
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TaMe 5 5 »  Time span aad weekly production of H  per cent KIM over the experlmenti 
Time spaa on exp. 
First Last 
Gov; d a y  d a y  1  2  3  4  5  b  7  8  9  
2 5 5 3  7 / 2 2 -  1 / 1 9  ^  301.7 2 3 2 . 6  2 3 7 . 3  206,7 2 1 2 . 2  1 8 7 . 5  167.3 1 5 2 . 4  1 9 2 o l  
2 3 9 2  7 / 2 7 -  1 / 2 H  2 6 g . 2  2 3 5 . 7  2 1 9 . 5  216.5 1 8 9 . 5  1 7 8 . 0  206.9 2 3 4 . 1  269.8 
3 6 3 2  2 / 1 7 -  ? / l 7  280,0 2 1 + 7 . 1  2 4 2 . 2  2 3 9 . 5  2 2 4 . 4  206.9 1 4 9 . 4  2 0 4 , 1  223.3 
3 2 5 6  6/ 5-12/ 3 - 3 5 1 . 2  3 0 5 . 2  2 3 5 . 0  2 4 8 . 8  298.7 2 4 3 . 6  2 4 6 . 4  2 7 1 . 2  221.3 
3 H 6 9  1 1 / 1 9 -  5 / 1 9  2 9 5 . ^  2 7 7 . 6  2 9 2 . 4  2 8 1 . 7  277.7 2 8 5 . 5  266 . 8  2 4 4 . 3  2 4 9 , 6  
3 H i i O  9 / 2 I 1 -  3 / 2 ! |  2 1 1 . 9  1 8 7 . 1  1 7 9 . 9  1 4 9 . 0  165.0 1 8 3 . 6  1 7 8 . 0  175.0 193,5 
3 2 7 2  3 /  ! ? -  9/ 5  3 6 8 . 3  3 2 3 . 4  3 3 8 . 8  2 8 i . 9  291. s  2 7 8 . 3  2 9 4 . 1  2 6 5 . 4  238.6 
3U50 1 /  5 -  7 /  5  2 S 6 . g  2 7 0 . 5  2 8 0 . 2  2 7 9 . 5  239.3 2 3 7 . 0  2 4 0 , 6  2 0 6 . 2  230.1 
3 3 0 2  «/ 3/ k 2 ^ 1 9 . 9  2 2 3 . 4  2 3 1 . 0  2 3 8 . 9  2 4 3.6 2 3 3 . 5  2 2 4 . 7  2 1 9 . 5  209 . 2  
3 1 5 7  12/31- 6/30 3 9 1 . 0  3 8 2 . 7  4 2 9 . 2  391.6 3 3 ^ . 1  3 4 1 . 4  331.6 3 4 6 , 9  366.2 
2 6 1 ^ 9  3 / ^ 9 / 1  3 3 ^ , 0  2 8 1 . 8  3 0 1 a  3 1 1 . 0  311.6 271.0 2 ^ ^ 2 . 5  2 8 0 . 2  • 290,5 
3263 12 / l i | -  6/13 3 6 ^ . 5  3 6 1 . 7  3 1 8 . 4  3 7 9 . 0  3 2 3 . 3  322.8 257.6 2 7 8 . 0  274.9 
2600 1 0 / 2 7 -  V 2 6  3 7 6 . 9  3 3 6 . 4  3 5 4 . 7  3 5 ] . . g  351.6 3 5 3 . 2  329.2 3 6 1 . 8  366. 8  
3 I + I 1 I 1  11/19- 5/19 2Sf>,h 2 ? 9 . 7  2 8 1 . 5  2 9 3 . 1  286.8 2 7 4 . 5  250.1 2 5 1 . 9  2 5 6 , 5  
3 5 9 7  2/ g -  S /  ? • 260.9 2 4 7 . 7  2 4 2 . 7  2 4 9 . 5  2 4 4 . 9  228 . 2  2 4 O . 6  1 9 2 . 9  1 9 0 . 7  
3 2 9 1  12/21- 6/20 3 C ! 0 . i  3 3 2 . 0  3 1 9 . 7  2 9 4.8 3 1 6 . 3  2 8 2 . 5  2 8 7 . 6  286.1 2 7 5 . 9  
3 ^ 5 ? 3  2 /  3 -  8 /  3  3 1 7 . 1  3 0 1 . 9  2 8 9 . 6  292.3 2 7 7 . 8  2 5 3 . 7  2 4 8 . 9  2 4 2 . 9  2 3 1 . 5  
3 2 9 ^  1 2/27- 6 / 2 6  2 8 5 . 6  256.6 2 6 5 . 2  272.5 2 4 9 . 0  2 4 3 . 0  2 1 3 . 0  2 3 0 . 1  2 3 7 . 5  
2 7 1 0  5/ ! ? - l l /  6  3 = ; i i . l  2 8 8 . 9  3 i i . q  335.7 3 4 3 . 1  2 8 6  . 2  269.8 2 7 7 . 5  266.0 
3 5 2 9  5/ 1-10/ 2 Q  3 ^ 1 . 2  3 3 0 . 6  2 ^ 1 - 0 . 4  2 4 8 . 2  2 7 5 . 2  2 7 7 . 1  2 9 9 . 5  26s. 5  2 8 8 . 5  
3160 9 / 2 7 -  3/27 pkk,0 2 5 2 . 9  2 6 2 . 5  2 6 2 . 6  2 8 4 . 2  2 8 8 . 9  2 9 5 . 7  2 7 6 . 1  2 8 2 . 7  
2 3 7 s  6 /  7 - 1 2 /  313.0 3 0 1 . 9  2 9 8 . 0  2 8 9 . 1  267.6 2 9 0 . 0  2 9 9 . 2  2 l i 6 . 7  2 0 9 .  
2 6 U 3  ? / 3 0 -  2/27 ' 301,9 3 3 0 . 3  3 2 6 . 7  3 0 4 . S  3 1 7 . 9  3 1 2 . 4  3 1 s .  7  3 0 4,2 2 9 7 . 1  
3 H 3 2  11/20- 5/20 2 5 5 . 9  2 6 0 . 8  2 5 6 . 2  26s. 7  2 7 3 . ^  2 9 4 . i l  2 5 7 . 2  2 5 5 . 0  2 5 7 . ' '  
2 9 6 3  1/ 2- 7/ 2 335.6 3 2 4 . 4  3 3 4 . 4  3 1 6 . 9  3 0  > 1 . 3  3 1 7 . 2  2 9 1 . 4  2 8 3 . 1 ^  261.0 
3 1 2 < ?  11/ 1- 5/ 1 3 2 3 . 6  294.6 2 4 1 . 6  2 5 7 . 9  2 4 9 . 8  2 5 8 . 0  259.8 283,2 269.0 
3 H 3 9  1 / 1 5 -  7 / 1 5  2 7 9 . 9  289.5 2 7 4 . 7  2 7 4 . 9  266.5 2 7 3 . 0  2 5 6 . 4  2 6 7 , ?  2 5 1 . 1  
2 9 8 2  12/27- 6/26 4 1 5 . 2  4 2 6 . 7  4 1 3 . 9  4 0 7 . 3  433.4 3 6 5 . 7  3 6 5 . 1  3 8 5 . - 3 5 0 . q  
2 9 7 6  1/16- 7/16 3 ^ ^ 9 . 5  3 6 3 . 4  3 3 0 . 5  3 3 3 . 2  319.3 3 3 6 . 7  3 0 3 . 4  319.7 311.0 
3 5 3 s  5/21-11/19 2 H ! | . 5  2 9 7 . 5  298.1 3 0 7 . 4  2 5 1 . 5  2 7 0 . 3  260,4 276. T  260. q  
3 l i 4 2  2/ 1- !?/ 1 U 2 0 , 2  4 2 5 . 4  3 S 5 . 0  3 9 ^ ' < . 9  380.1 . 1  3 4 6 . 6  3 3 9 . 6  3 4 0 , 6  3 2 5 . 0  
3 ' 4 9 3  2/11- f ? / l l  3 5 ^ . 2  3 ^ 7 . 7  3 4 7 . 6  3 2 9 . 5  306.9 301.0 321.7 2 9 9 . ? :  271.7 
3 5 1 6  5 /  ^ 1 0 / 3 1  2 9 1 . 3  2 5 4 . 9  1 4 6 . 7  2 3 3 . 4  265.0 2 4 2 . 0  206.5 2 1 9 . ' - 2 4 6 . 9  
3 1 7 ^ ^  n / 2 3 -  5/23 - 1 + 7 2 . 2  l 4 0 4 , 3  3 2 7 . 4  3 3 7 . 0  3 4 2 . 8  3 2 4 . 0  3 3 5 . 0  3 2 9 . ?  351.1 
.2606 1/12- 7/12 3 9 3 . 7  4 0 0 . 8  3 9 ^ . 6  3 5 7 . 5  3 3 ^ . 2  3 2 5 . 6  259.1 2 7 3 . 1  2 9 1 . 0  
2 1 5 9  g /  5- 2/ 2 2 6 5 . 0  221.7 2 2 8 . 9  2 5 1 . 3  2 3 4 . 7  2 3 7 . 9  2 0 5 . 4  2 2 2 , 9  232.9 

ir cent PCM over the experimeital period 
Eicperimeatal period ty v?eelcs 
i 7 g q 10 11 12 13 14 15 16 It 18 
(pounds) 
!.2 1S7.5 167.3 l5^.^^ 192.1 192.0 200.6 206.5 200.2 180.9 190.0 189.9 190.6 190.0 
1.5 17J?.o 206.9 23U.1 269. ?! 243.5 265.6 231.5 230.7 214.5 217.7 207.8 243.2 247.4 
1.1+ 206.9 1149,ij 20lul 223.3 212.7 214.3 208.7 210.0 208.7 194.7 196,0 175. 179.8 
!.? 2^3,6 2'^6.H 271.2 221.3 224.0 254.5 262.5 222.9 215.9 253.2 276.7 272.5 250.7 
'.7 285.5 266.8 2)A.3 2^9.6 264.0 258.3 250.5 245.0 250.8 238.4 23B.7 228.0 233.4 
i eO 133.6 178.0 175.0 193»5 210.1 209.0 196.4 189.9 183.5 176.1 159.5 183.3 179.6 
,.8 278.3 ,29^.1 265.'^ 23.3.6 224.5 229.0 239.5 235.5 224.5 244.5 215.3 195.1 160.1 
1.3 237.0 ?kioG 206.2 230.1 197.6 192.0 178.6 178.4 172.9 184.7 190.2 178.5 163.5 
1.6 233.5 224.7 219.5 209.2 206.1 203.7 192.8 209.3 193.0 189.3 171.0 173.0 167.6 
Ul 3iil.H 331.6 3^6.9 366.2 357.7 324.5 317.6 311.7 279.9 286.3 290,8 28.4,1 288,8 
. .5  271.0 2^2.5 2S0,2 •  290 .5  295.5 281.7 300.5 243.1 221.6 198.1 263.2  241.8 24O.3  
i.3 322 .S  257.6 27s .0 27^.9 291.S 270 ,4  260.1 250.0 238 .3 241.8 248,^  234.3 231.0 
.oS 353.2 329 .2 361 .8  366 .3  312.2 307.7 326.4 298.7 276.9 301,1 300.2  282.3 268.4  
27^^.5 250.1 251.9 25S.5 262.3  244.1 243.1 248.1 245.0 243. n 217.1 222.5 221.5 
t.q 22? .  2  2^0 .6  192.9 190.7 217.5 225.7 217.7 231.0 242.0 228.6 223.8 ,  225.0 2I4.5 
i.3 2f!2.5 237.6 2?6.1 275.9 255.1 245.9 244, g 231.1 242.2 24o.o 225.2 I8S.7 209.3 
253.7 2 ' -^f? .9  9k2.<) 231.5 22s. g 236.7 242.4 225.3 228.0 228.7 217.0 227.3 208.5  
) .0  2H3 .O 213.6 230.1 237.5 206.5 137.5 173.3 194.9 192,4 178.7 192.0  192.3 187.5 
i.i 286 .2  269 .?!  277 .5  266.0 249.??  259.9 228.3 193.3 219.7 214,9 214,2  158.3 175.4 
).2 277.1 299.5  26s. 5 2.S '? .5  262.4 262.7 289.8 27^ ' .  5  259.5  250.5  261.0 238.3 222.1 
1.2 2SS.9 295.7 276.1 222.7 279.3 265.3 248.8 233.4 217.1 227.2 205.9  165.^ 152.9  
^•6 290.0  299.2  21^6.7  209 .^  224.9 261 .4  256.3 209.0 225.2  253.9  245.1 243.8 215.^ 
312.^ 3I8.7 30U .2  297.1 2S51.7 296.5 262.4  276.9 265.5 251.1 251.7 251.0 237.6  
i .H 29^ .^J  • 257.2 255.0 257. '+  273.7 257.5 262.3  258.2 250.1  258.7 2'2 ,8  231.7 241,5 
? .3  317.2 291. i|- 283.  261.0 280.0 287.2 256.1 250.8 234.4  219.9 231.3  231.3 220.3 
25^^.0 259.!^ 283.  ^  269.0 234.1 244.7 258.1 24B. 2 231.2 24O.I 236.6 217.9 208.7 
5.5 273.0 255,^  267.? 251.1 24 2 .  g  229.3 247.9 241.4 230.6 230,7 224,  g  239.5 230,2  
ioU 365.7 365.1 385.^  350.Q 34I,O 335.6 314.0 320.4' 301.9 282,3 28U,4  272.1  282.7  
? .3  336.7 303. 319.? 311.0 301.6 282..^ 269.7 268.9 289.9 291.8 270,0  ?77 .2  273.3 
L.5  270.3 260. 276.7 260.9 249.2 219.3 214.4 121.4 221.5 184,8  205.5  231.0 238.3 
) .H 3^6 .6  339.6 3^0.6 325.0 311.3 305.3 309.8 286.8 290.2 285.1 270.4 261.0 257.9 
3.9  301.0 32l«7 299.? 271.7 269.7 294.2  276.9 285,9 294.7  2.^0.3 269.1 291.2 263.6 
5.0  2^i"2*0 206.5 219.^- 2M>.9  £46.9 237.7 225.2 2b5.7 214.2 201,2  221.8 192.6 195.2 
32H.Q 335.0  329.S  351.1 301, f? .  302.0 302.0 311.5 284.2 262,5 268.4  260.9  2( '7 .4 
5.2 325.6 259.1 273.1 291.0 260.2  262.9 253.9 246.4 249.1 251.8 231.7 246 .0  2'-^2.0 
+.7 237.9 205.^!- 222.9 232.9 240.0 214.2 232.4 218.6 216.5 235.5  232,5 221.4  217.1 

seks 
•5 . 16 17 If? 19 20 21 22 23 24 25 26 
).0 1S9.9 190.6 190.0 192.3 193.1 159.1 157.6 li^7.6 144.3 150.4 117.1 
'.7 207. g 2h}.2 2^7. 243.3 2^2.!? 222.6 2U2.7 21^1.3 19 2.3 193.7 216.3 
1.7 iqo.o 175.9 179.?? 173.5 15^.^^ 13??.9 I2O06 132.9 132.6 126.2 I27.S 
)«2 276.7 272.5 250.7 ?«5.1 2^43.3 257.3 259.9 2^2.6 261.3 262.7 256.3 
23i^.7 22? .0 233.5+ 221,k 209.6 212.^ 203.9 203,2 203.3 193.1 197.4 
;.i 159.5 1??3.3 179.6 169.^ 152.7 171.6 17?;.!? 179.8 176.2 l4g,4 162.1 
215.3 195.1 160.1 151.5 177.6 183.0 1S2,U 1559.3 132.4 164.2 136.3 
^.7 iqo.? 17s. 5 163.5 170. g 161.9 165.2 161.5 lii0<.6 124,6 145.6 152,2 
171.0 173.0 167.6 160.2 160.9 I'lb.l 125.3 107.^ 31.9 107.9 lo4.i 
;.3 290.3 2!?il.l 2f?«.s: 279.'-^ 2?2.3 275.0 281.6 253.^ 250. S 217.1 131.6 
?.l 263.2 2^11. S 2^0.3 195.2 1?!7.3 222.0 21U.7 232.6 225.4 223.1 213.7 
L.8 23^.3 231.0 i^l}.2 217.3 212.1 219.9 220.2 201.1 192.3 164.-9 
L.l 300.2 2?2.3 2f,n.k 263.9 257.1 252.1 250.1 229.3 225.3 227.9 234,2 
5.n 217.1 222.5 221,5 227.2 202.9 195.1 203.7 200.9 IS7.3 135.5 135.9 
223.3 225.0 21I4.5 203. U 205.1 192.2 160. g 161.3 169.7 161.3 156.6 
).0 225.2 1^2.7 209.3 ?05.9 203.U 192.6 173.^ 163.9 160.0 H6.6 113.7 
?.7 217.0 227.3 20g.5 i«!6.7 219.3 209,5 200.9 173.6 151.9 170.3 172.5 
192.0 192.3 1!?7.5 17^1.0 171.1 iSg.O 153.9 lU6,3 135.^ 144.3 131.9 
uq 21H.2 15.^.3 175.^ 19I1.9 185.1 17^.2 159.1 156.0 129.8 105.7 102.0 
).5 2(^1.0 23'?. 3 222.1 2^17.55 270.9 231.^ 23s?.3 137.1 179.3 ^2.9 206.3 
J > 2  205.9 165.^' 152.9 17^1.1 167.5 167.7 167.3 I43.6 134.3 146.2 
5.q 2!+5.1 2^3. B 215.- 236.0 2V^.9 225.0 227.0 211.4 139.7 193.2 132.0 
L.l 251.7 251.0 237.6 2H7.9 23lJ-.° 2^2.5 207.3 219.9 211.2 217.1 193.4 
'..7 2^2.5? 231.7 2^1-1.5 229.5 225!.3 223.6 230.9 233.7 235.5 225.7 235.7 
231.3 231.3 220.3 215.9 2l.?.3 209.il 227.2 216.7 193.3 207,2 137.0 
).i 236.6 217.9 20f^.7 197.^ 190.0 19iU9 137.6 131.3 136.3 173.7 147.0 
).7 22H.S? 23^^.5 230.2 211.6 200.S lgl|.6 176.H 175.3 167.3 161.6 154.2 
2.3 2gl|-.!|- 272.1 2«;2.7 269. 2Sh.h 250.7 246.1. 239.7 231.3 210.3 
L.?? 279.0 277.2 273.3 250.5 256.U 2ii!l.7 230.3 205.0 210.3 133.6 196.0 
205.5 231.0 23^.3 230.9 23^.6 2355.0 236.9 242.3 241.9 223.7 226.0 
5.1 270.k 261.0 257.9 2^5.0 2'-!0.?? 231.3 211.4 131.4 174.4 170.3 176.^! 
3.3 269.1 291.2 263.6 257.^ 255.9 21^.2 216.3 219.3 211.3 197.6 134.3 
1.2 221.3 192.6 195.2 191.5 193.5 185.1 201.0 190.4 193.1 25'-^.0 149.9 
?.5 265?. H 260.9 267.1+ 250.9 2^9.2 239.3 239.7 24O.5 223.3 227.3 212.4 
1.? 231.7 2H6.0 2^:2.0 220.3 192.6 lJ?!i.5 199.0 166.7 133.1 154.9 
5.5 232.5 221. i'! 217.1 20s. 23^.9 211.5^ 19?!.9 196.7 201.2 214.0 211,3 

185 
TaMe 5S. '?eefely milk fst Aeterminstions over the experimeatal period 
Week: 
Cow 1 2 3 i; 5 6 7  s  9  10 11 12 13 1^1 15 16 
?553 
?392 
3632 
3^66 
3^69 
3i!-i(0 
327? 
3H50 
330? 
3157 
3263 
?6oo 
3i(iiU 
3597 
3 291 
3^S3 
329L1. 
2710 
3529 
3160 
2378 
26^3 
3H32 
2963 
312f? 
3^39 
PR 7^ 
353?! 
31H2 
tll07 
- /  ' / y  
351(^ 
317^ 
3.S 
3.3 
3.0 
3.1 
3.3 
3.7 
3.3 
3.1 
i!,n 
3.'-^ 
3.H 
3.5 
3.3 
3.n 
3.2 
3.7 
3.3 
3.2 
H.i 
3.3 
3.0 
3.1 
3.7 
3.2 
2.Q 
3.1 
3.2 
3.2 
3.1 
3.H 
7.K 
3.? 
3.7 
3.U 
3»7 
3.0 
3.0 
2.^ 
3 ^ 3  
3.1 
3.^ 
3.1 
3.1 
2.^ 
3.5 
2of? 
3.3 
3.1 
3.1 
3.'-^ 
2.9 
.6 
3.5 
3.6 
3.6 
3.2 
2.5 
3.1 
if.?; 
3.2 
3.0 
3.1 
3.q 
3.1 
3.1 
3=0 
3.U 
3.1 
3.3 
3.3 
3.^!' 
3 . 3  
3.1 
3-2 3.^1 
3.)J- 3.6 
3.3 3.1 
3.2 3.1 
3.2 3.1 
3.i» 
3.0 
3.2 
3.2 
2.9 
2.9 
3.2 
3.? 
2.9 
2.? 
3.'- 3.1 
•^=!4 \,k 
3.3 3.^! 
3.1' 2.!? 
3.^ 3.^ 
3.0 
3,>k 
3.2 
2..=? 
3.1 
3.S 
3.1 
3.3 
3.3 
3.5 
3.0 
3.7 
^ 0 X 
3 . 5  
3 . 3  
3.0 
3-3 
3.5 
3.2 
2.9 
3.2 
2.5 
3.3 
3,0 
3.2 
3.2 
3.2 
3.3 
2,^ 
3.2 
3.^ 
3.0 
3.0 
3.6 
3.2 
3»o 
3.0 
'+.5 
3.0 
if.o 
3.2 
3.2 
3.3 
2.3 
3.0 
3.6 
3.1 
3.G 
3.2 
3.2 
3J1 
3.1+ 
3.7 
2.f5 
3.3 
3.1 
3.0 
3.H 
3.2 
3.0 
3.2 
3.^"^ 
2.9 
2.6 
3Ji 
3.1 
3.1 
3.if 
3.5 
3.5 
3.0 
2.6 
3.0 
3.2 
if.l 
3.0 
3.9 
3.2 
3.3 
3.1 
3.5 
3.3 
3.3 
3'2 
2.9 
3 . 5  
3.1 
3.0 
2.7 
3.U 
3.3 
3.1 
3.7 
3.3 
3.3 
3.4 
3.1 
3.^ 
2.5 
3.1 
3.1 
2.9 
3.1 
3.5 
3.0 
3.1 
2.9 
2.6 
3.2 
r 
• 0 3  
3 . ?  
3 . 7  
3 . 3  
3.1 
3 . 3  
3.0 
3.0 
3 . 3  
3.i-> 
3.3 
2.q 
3.5 
3.2 
3.5 
3.7 
3.6 
3.1 
3.0 
3.3 
3.1 
3.0 
3.0 
2.g 
3.0 
3.2 
2.9 
3.1 
2.9 
3.6 
3.1 
3.0 
3.2 
3.2 
3.2 
3.2 
3.'+ 
3.1). 
3-2 
3.0 
3.5 
3.0 
3.2 
3.3 
3.2 
3.1 
2.9 
3.0 
3.7 
3.3 
3.3 
3.2 
3.^ 
2.q 
3.2 
3.5 
3.'!-
2.9 
3.1 
3.1 
3.5 
3.3 
3.1 
3.^ 
3.1 
2.9 
3.2 
3 . 3  
3.9 
3.5 
3.2 
3.2 
3.^ 
3.3 
3.^ 
3.0 
3.5| 
3.0 
3.0 
3.1 
3.1 
2.7 
3.8 
3.3 
3.1 
3oO 
3.6 
3.1 
j) • v 
3.3 
3.2 
3.3 
3.1 
^ • 2  
3.h 
3.3 
3.0 
3.1 
2.9 
3.3 
3.2 
3.2 
3.1 
"2 1 J oX 
3.2 
3.7 
3.2 
3.1 
3.1 
3.3 
3.6 
3.3 
3.ii 
3.5 
3.2 
3.2 
3.2 
2.9 
3.3 
(per cent) 
3.^ 
3.)+ 
3.0 
3.1 
3.1 
3.1 
li-.O 
3.3 
2.9 
3.9 
3.1 
3.7 
3.3 
2.^ 
2.9 
3.1 
3.5 
3.3 
3.1 
3.2 
3.2 
3.5 
3.2 
3.7 
3.5 
3.2 
J • ^ 
3.0 
3.3 
2.7 
3.7 
3.2 
3.2 
3 • 2 
3.it 
3.3 
3.? 
3.2 
3.0 
3..^ 
3.0 
2.6 3.C 
3.2 3.!^ 
3 . 3  3 . ^ )  
J). G J). 
3.1 3.1 
3.1 3*3 
3.1 3.3 
3.2 3.3 
2.9 3.2 2.9 2.9 3.3 3.0 3.5 3.2 3.3 
3.1 
3.'^ 
3.3 
3.0 
3.!. 
3.U 
3.)+ 
3.5 
3.3 
p.o 
3,3 3.2 
3.6 3.2 
3.'-! 2.q 
3 . ^  3 . 7  
2.7 3.1 
3.5 
3 
3.2 
3.0 
2.B 
3.3 
3.11-
3.5^ 
3.U 
2.? 
3.3 
3.0 
3.2 
3.5 
3.5 
3.3 
3.fi 
3.1 
3.3 
3.2 
3.6 
3.1 
3.2 
3.1 
3.0 
3.3 
3.2 
3.? 
3.1 
3.0 
3.9 
3.5 
3.7 
3.0 
3.6 
3.2 
3.1 
3.2 
3.2 
3.i^ 
3.2 
3.2 
3.1 
3.1 
3.0 
3.5 3.3 
3.6 3.^ 
2.9 
3.1 
3.1 
3-3 
3.5 
3.2 
3.2 
2.7 
3.1 
3.3 
3.1 
3.1 
3.2 
3.3 
3.0 
2.9 
3.3 3.1 
3.3 3.'-'' 
2.9 2.7 
3.2 3.5 
3.1 3.3 
3.1 
3.3 
3.3 
3.2 
3.1 
3.1 
3.^ 
3.1 
3-3 
2.9 
3.3 
3.I1 
3.^ 
3.3 
3.I! 
3-5 
3.1 
2.q 
3.5 
3.2 
3.1 
3.3 
3.1 
3.2 
2.^ 
)'• 
215° 3.^ 2.9 2.? 3.^ 3.0 3.0 2.g 3.1 3.3 3.5 3.5 3.'-- 3.0 2.9 

;he experimental period 
Weefc 
12 15 1^^ 15~~lF~~r7 18 19 2F™a 22 ,23 Pf ^ 2^ 
3.3 
3.g 
3.3 
3.1 
3,0 
{per cent) 
3.2 
3.? 
3.1 
3.1 
3.2 
3.^ 
3.1+ 
3.0 
3.1 
3.1 
3.1 
iuO 
3.3 
2.9 
3.2 
3.1 
3.2 
3.1 
3.2 
3.0 
3.3 
lj,0 
2.8 
3.3 
2.9 
3.5 
3.5 
2.6 
3.5 
3.2 
3.1 
3.7 
2o6 
3.? 
3.2 
3.3 
3.5 
2.7 
3.3 
3.^ 
3.5 
2.4 f) 
3.1 
3.2 
3.0 
3.4 
3.0 
3.3 
3.0 
3.3 
3oS 
2.q 
3.H 
3.1 
3.5 
3.9 
3.0 
3.1 
3.2 
3.4 
3.6 
2.q 
3.5 
3.2 
3.1 
3.7 
2.Q 
3.3 
3.3 
3.3 
3.?: 
5.1 
3.4 
3*2 
3.6 
3.1 
3.0 
3.3 
3.2 
3.3 
3.1 
3.2 
3.1-I 
3.3 
3.0 
3.1 
2.9 
3.3 
3.7 
3.2 
3.1 
3.1 
3.3 
3.6 
3.3 
3.!I 
3.5 
3.2 
3.2 
3.2 
2.9 
3.3 
3.3 
3.9 
3J4 
3.1 
3.7 
3.3 
2.9 
3.1 
3.5 
3.3 
3.1 
3.2 
3«2 
3.5 
3.0 
3.7 
3.5 
2.9 
3.0 
3.3 
2.1 
3.7 
3.2 
3.2 
3.2 
3.^1 
3.3 
3.5 
3.5 
3.2 
3.0 
3..^ 
3.0 
2.6 
3o 
3.6 
3.1 
3-1 
5.1 
3.2 
3.3 
3.2 
3.6 
3.1 
3.i^ 
3.2 
3.1 
3.0 
3.!^ 
3.^ 
3.P 
3.1 
-^-.1 
3.i| 
3.2 
3.1 
3.1 
2.9 
3.1 
3.5 
3.^! 
3.2 
3.3 3.g 
3.3 
3.3 
3.S 
3.3 
3.3 
2.9 
2.9 
3.5 
3.7 
3.H 
3.6 
3.2 
^ oO 
3.2 
3.3 
3o6 
5.5 
3.H 
3.3 
3.U 
3.1 
2.ci 
^!.£ 
3.6 
3.3 
3.7 
3.1 
3.3 
'.J; 
2.G 
y .1 
3.3 
3.1 
3.? 
3.6 
3.1 
3.5 
3.3 
3.2 
3.1 
-J *7 
-) •;? 
3o^i 
2.9 
3.0 
2.9 
3.2 
3.^ 
3.H 
^.2 
3.6 
3.2 
3.6 
3.2 
3.? 
3 • '•> 
7, tr 
,/ • J 
3.3 
3.3 
3.3 5.1 
5.1 3.3 7. h J • • 
3.)i 
3.0 
7 T j"-
3.2 
3-2 
3.5 
3.2 3.3 
3.? 
3.3 
2.0 
7 O 
3.0 
3.2 
3.f; 
3.^ 
3.!3 
3.3 
3.-f 
3.2 
3.ii 
3.2 
2.9 
7 r / • w 
3.0 
3.0 
3.2 
3.3 
3oB 
3.^-
'•1.2 
^.'•1 
2.5 
3.? 
2.Q 
3.2 
3.^-^ 
3.2 
3.5 
3." 
7 J' • 
3.3 
3.0 
3.S 
3.2 
3.f^' 
3.5 
3.2 
3.3 
2.7 
3.3 
3.H 
3.? 
3.f 
3.1 
2.7 
3.7 
3,0 
3.7 
3.7 
3.7 
3.0 
3.3 
3.H 
2.9 
3-3 
3.0 f n J • 
3.7 
3.1 
•?.0 
3.G 
2.7 
2.S 
3.1 
3.9 
3.5 
3.7 
3.0 
3®6 
3.2 
3.1 
3.2 
3.2 
3.k 
3.5 
3.6 
2.9 
3.1 
3.1 
3.3 
3.5 
3.2 
3.2 
2.7 
3.3 
3.ii 
3.1 
3.3 
3.1 
3.1 
3.2 
3*3 
3.0 
2.9 
3.1 
3.3 
3.3 
3.2 
3.1 
3.1 
3.it 
3.1 
3.3 
2.9 
3.5 
3.1 
2.Q 
3.5 
3.2 
3.1 
3.3 
3.1 
3.2 
2.? 
3.3 
3.2 
3.1 
3.1 
3.1 
3.2 
3.3 
3.1 
3.3 
2.7 
3.I.'. 
3.H 
3.1 
3.0 
3.1 
3.0 
3.2 
3.0 
3.0 
2.S 
3.'i 
3.1 
3ol 
3.3 
3 • ? 
3.2 
3.^ 
3.2 
3.1 
3.3 
3.2 
3.5 
3.0 
2.9 
3.2 
3.'' 
3.1 
3.1 
j.ti 
3.7 
3.5 
3.1 
3.1 
3.1 
3.3 
3.2 
3.1 
3.^ 
3.1 
3.0 
3.2 
3.0 
3.2 
2.9 
3.0 
3.2 
3.? 
2.9 
3.2 
3.5 
3.'' 
•"J I- • O 
•3.1 
2.9 
3.1 
3.3 
3.7 
3 .k  
3.3 
3.6 
3.3 
3.0 
3.C 
2.5 
3.2 2.0 
3.6 
3.^ 
3.H 
5.5 
3.5 
3.0 
3.i! 
2.7 
3.1 
2.?? 
3.3 
3.2 
2.9 
3.3 
3.0 
3.0 
3.5 
^.4 
5.4 
2.9 
3.3 
3.2 
2.9 
2.9 
3.2 
3.2 
3.2 
3.1 
3.1 
3.0 
3.5 
3.3 
3.3 
2.9 
3.2 
3.1 
3.U 
J.-t 
3.I1 
2.7 
3-5 
3.3 
3.^ 
3J4 
3.3 
3.3 
3.? 
3.0 
2.9 
3.U 
3.1 
3-3 
3.3 
3.1 
3.1 
3.0 
3.5 
2.9 
3.2 
3.U 
3-3 
3.2 
2.9 
2.Q 
3.2 
3.1 
3.3 
2.7 
2.Q 
3.0 
7,. 
'D 
2.9 
3.0 
3.'-' 3.3 
3.2 
3.1 
?»?; 
2.q 
3.0 
3.2 
3.2 
5.3 
2,^ 
2.R 
3.1 
3.3 
2.7 
3.^ 
3.^-
3.^ 
3.2 
3.1 
3.1 
3.0 
3.1 
3.3 
3.0 
.  " 
j.k 
3.0 
3 .0  
3.1 
5.3 
3.0 2.9 3.'^ 3.'-^ 3.5 3.2 3.3 3.7 3.7 3.7 3.5 3.7 3.<^ 

Talsle 57«> Body ^-/eight cjhanges over the experim^tal period 
Days^ 
Cow 12 24 3b 60 72 96 lOS 120 132 144 156 i&p; ISO 
(pounds) 
2553 llgU 1177 1212 1190 1233 1295 131s 12S6 13 2U 132s 1335 I34U 1398 1373 1377 
?392 llilR 1127 1177 IIS9 I2U9 1261 1258 122U 1252 I2US 1276 12^48 1280 1272 1252 
3632 103') 1051 1036 1025 1016 100 S 990 99 « 1015 992 1010 96^ 953 1000 1005+ 
3266 loou 992 953 976 936 971 gss ggU 1016 loUl 1037 102.? 9S7 1002 999 
3U69 1327 1322 1336 1323 1311 1312 1311 1337 1323 1339 1341 135 s 1329 1362 1379 
3U3{0 920 9OP 916 926 922 923 931 ^90 3g2 925 mi 9£0 QSo 936 9^+1 
3272 1260 1211 120g llgl 1153 1202 1190 iigU IIS7 1136 1092 II5H ii65 llUl 115 s 
1090 10??5 1102 1033 1066 105« 1063 1069 10^ U 103 s 1035 1075 10S2 1059 1061 
3302 12bU 1310 131f! 1313 1300 I2f?9 1281 1316 1325 1333 13^:9 13^1 1363 1327 13(55 
3157 12^5 12U2 12U?5 1217 1195? iigq 1172 1202 1202 115?9 1195 1332 1183 IISU 1194 
11^49 115U IIU9 1122 1113 110s 1103 llOS 1106 1109 IOU5 logo llOS 112U lies 
3263 1131 1123 1137 112?! 1139 1110 1115 1097 112U 1126 1116 110b 1109 ll4l 1116 
£600 13S3 1395 ll404 133^ 1392 1369 1389 1372 1356 13 so 15^3 1352 1356 1351 136H 
10 p?: 1015 1013 1006 1000 9S7 996 99U lOOS 1012 10 2^ loUiS I'AU 1021 1041 
3597 mi ??9S g!?S- S91 875 ^85 S I S  S90 SSS S7g S73 366 S53 S56 S66 
3291 1169 ll'-O 116^4 1175 1363 1147 iiHs 1153 ii^a ll^U 11 2H 1155 1153 11S2 11550 
3i4g3 1053 1052 10 uu 1055 1037 103 H 1027 9Si3 101 g 1019 1007 1022 1002 1000 1047 
329ii 9'-'-3 9S3 961 969 9'-9 933 9^^3 935 915 911 92S 920 95^ 962 
2710 ior>i 1076 lioU 105g 1070 1053 lObl 1026 1053 1051 10S7 1123 1155 11') 9 1155 
3529 9 M o  S60 92!; 927 927 920 9^2 919 921 95s 96s 997 1023 102s 1039 
3160 1122 1132 111!^ 1110 llUl IIH7 1166 1165 1162 1135 1139 ilGo 11S2 11S6 IZOI 
237'5 1137 1153 IIU5 1152 1113 1126 1130 1130 1165 1166 1177 1200 1192 11 SO 1217 
?6U3 1503 lHg54 1500 IU76 1U7U li^50 11+77 1^72 lUsU 1^199 1511 1512 1525 1525 
3^32 963 9SS 10 21 1056 1010 1031 1027 9S^ lOlU 1025 1007 100^1 100^ qql) 1017 
2963 1136 10^1 10S7 1073 1076 1070 10Z7 1073 llOS 1063 1057 1046 105^ 1657 1060 
31??; XX5?; X129 11P5 llUl ISO >4 IISO 117': 1203 115<9 1190 1191 1206 I21f5 
3'-^39 1015 1027 1013 1019 1025 1003 1021 lOlg 1001 99s 9S7 1034 1005 1008 1023 
29-'52 IS'J^ 123?: 1217 1226 1230 1223 1227 123U 1212 1219 1207 1221 1228 120? 1217 
^76 122U 1211 122H 1216 120g 1199 1222 1212 1200 1191 117!? 116U 1149 1151 1173 
qgy 1013 972 96f? 9S5 9Ki 9^7 9^6 951+ 996 1016 1028 104'4 1033 103 5 

3UU0 q2o 902 916 92^ 922 923 931 
3272 1260 1211 120g llSl 115s ISO 3 1190 
3H50 1090 10??5 1102 1033 1066 lOJ.'S 1063 
3302 X26U 1310 1316 1313 1300 12S9 1281 
3157 12^5 12ii2 12hS 1217 1195? 1189 1172 
iiMq 115U IIH9 1122 1113 lies 1103 
32S3 113! 1123 1137 112?? 1139 1110 1115 
5.600 13^3 1395 lliOi^ 133^ 1392 1369 138Q 
102?: 1015 1013 1006 1000 9S7 996 
3597 ^37 mB 891 875 885 878 
3291 1169 lifto 116H 1175 1363 1147 11^2 
314^3 1053 1052 lOUlt 1055 1037 103 U 1027 
329^ gliq 9U3 963 961 969 gUg 933 
2710 1061 1076 llOU 105s 1070 1053 1061 
3529 giso sSo 92g 927 927 920 9U2 
3160 1122 1132 111^ 1110 iiifi 11^7 1166 
237? 11S7 1153 11U5 1152 1113 1126 1130 
26^3 iit6P 1503 lUgij 1500 1H76 154711 1U50 
3U32 963 9f?-5f 10 21 1026 1010 1031 1027 
2963 1136 10^1 1057 1073 1076 1070 10?.7 
3X2S X X 3 ^  X1P<? 1125 llUl 120U 118O 117'? 
3^39 1015 1027 1013 1019 1025 1003 1021 
29'32 12^6 1233 1217 1226 1230 1223 1227 
2Q76 122k 1211 I22U 1216 120s 1199 1222 
353« 9B7 1013 972 96K 935 981 gU7 
3li^2 1275 1209 1225 1212 1213 1188 1205 
3)493 lOll <3^1; 995 1005 1012 <^30 957 
3516 gso ^29 k j l  327 gsu 831 S68 
317U 1121 1100 1113 1102 1102 1081 1093 
2606 1223 1220 iiUs ll40 1137 1116 112!| 
2159 1055 10S2 1097 1119 1119 1159 1137 
entry is the a-verage of three consecutive 
reT)repents r\ 1?—(3ay interval 
3:90 382 925 887 920 CI26 936 9)11 
11 sU 1167 1136 1092 llS^i lies llUl 1158 
1069 10^; U 103 s 1035 1075 1082 1059 1061 
1316 1325 1353 13^:9 13^)1 1363 1327 13'55 
1202 1202 1189 1195 1202 1183 IISU 1194 
1108 1106 1109 10U8 1080 110s 112.!+ 1108 
1097 112it 1126 1116 1106 1109 Il4l 1116 
1372 1356 13 80 13^3 1352 1356 1351 I36U 
99U 1008 1012 102^4- ioi+8 lOUU 1021 lOUl 
890 888 878 873 366 853 S56 866 
115s llUl llHl 11 2H 1155 1153 1182 11 SO 
988 1018 1019 1007 1022 1002 1000 l O k J  
9^3 935 915 911 928 920 95U 962 
1026 1053 1051 1087 1123 1155 lliiQ 1155 
319 921 958 968 997 1023 1028 1039 
1165 1162 1135 1139 1160 11S2 1186 1201 
1130 1165 1166 1177 1200 119P 1180 1217 
1U77 1^72 llJSU 11^99 1511 1512 1525 1525 
988 lOlU 1025 1007 lOOU 100 U. qqU ICI7 
1073 1108 1063 1057 xo^e I05U 1057 ICDO 
1203 11^9 iis=; iigo 1191 1206 12:3^ 1218 
1018 1001 99s 987 IO3U 1005 1008 1023 
l^3^^ 1212 1219 1207 1221 12^ 1207 1217 
1212 1200 llQl 1178 II6U IIU9 1151 1173 
9^L6 95^ 996 1016 1028 loUU 1033 1033 
1191 1176 1186 1167 1172 1166 119»4 1212 
965 963 965 952 936 921 922 99^ 
87ii Q18 923 9)49 950 96s QPO ghg 
1092 1086 1083 1081 1089 1081 1077 1069 
1137 1136 1103 1103 1110 1107 1120 1129 
1106 1105 C
Vl H
 1115 1109 1123 1122 1118 
'-day weighings pnd e=ich successivp entry for 
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'fable 58. Proximate analyses of the feeds for 
yacii (ligeGtibility trial 
Nutrients 
Sample'^ Prot. E.E. C.F. Ash Moist. N.B'.E. 
(per cent) 
Coneentr ates 
I 15.77 2.93 6.47 5.17 11.01 58 .65 
II 18.81 2.48 8.82 8.18 12.80 48 .91 
III 17.25 2.20 8.96 7.10 10.66 53.83 
IV 20.81 1.62 8.63 6.79 12.48 49.47 
V 20.38 2.8G • 8.74 5.78 11.32 50.92 
VI ia.47 3.03 9.88 5.61 10.87 52.14 
Til 20.81 2.53 7.94 6.17 10.61 51.94 
nil 19.69 '2.69 9.14 4.86 11.78 51.84 
Hay 
I 11.56 1.29 33.57 7.93 7.65 38.00 
II 14.19 1.99 22.94 7.57 10.40 42.91 
III 14.75 2.08 33.72 8,24 9.50 31.71 
IV 12.06 2.01 36. 52 7.76 10.90 30.75 
V 11.75 1.72 36.63 7.28 11.82 30.80 
VI lie .25 1.60 40.84 7.84 10.24 27.23 
VII 10.21 1.54 43.12 7.03 10.62 27.48 
VIII 13.31 1.60 37.83 7.11 11.19 28.96 
^Refer to Table 6 for dates and for cows involved for each 
sample analysis 
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Table 59. Digestibility of nutrients for each 
collection by the chromic; oxide technique 
and the content of chromic oxide in the 
Individual dry fecal collection and in 
the daily total feed over the 
digestibility trial 
Cow 
Kutrients ^^2^5 
)11.^ Prot. E.E. C.F. N.F.E. D.M. Feces Feed*^ 
(per cent) (nig./lOO g.) 
1 56.93 8.53 13.39 71.05 55.37 171 76 
E 50.91 11,91 15.97 69.09 54.73 165 
3 56.61 27.54 26.02 74.56 60.04 194 
4 53.13 28.01 26.62 72.15 58.97 185 
5 52.67 11.68 24.02 65.29 53.61 165 
6 45.69 5.61 13.15 59.62 46.40 145 
7 48.49 1.95 8.85 59.25 47.20 143 
8 49.15 39.11 17.88 65.96 53.00 163 
9 42.15 36.58 5.15 63.45 48.20 146 
1 50,82 -3,53 17.86 73.09 55.12 173 78 
2 45.09 -14.04 13.93 72.49 52.59 165 
3 58.68 0.57 27.10 75.42 60.60 198 
4 57.27 13.95 31.29 77.31 62.33 209 
5 54.90 8.80 13.33 63.30 52.92 164 
6 50.72 2.21 23.38 71.82 56.78 182 
7 50,92 -2.64 -3.73 65.62 48.78 152 
8 56.79 -13.37 14.73 73.95 55.93 181 
9 50.50 34.22 -0.85 67,93 48.63 156 
1 67.69 14.39 31.61 54.51 50.67 223 109 
2 70.32 22.55 30.89 53.32 51.14 225 
3 66.83 17.89 40.49 58.97 55.85 246 
4 72.77 14.71 50.72 66.55 52.83 296 
5 71.33 7.40 46.91 63.41 60.68 278 
6 68.85 1.36 35.55 56.02 53.77 236 
7 68.76 12.80 29.28 56.23 52.08 226 
8 71.89 20.51 42.41 58.92 57.46 258 
9 71.90 12.35 39.48 56.93 55.47 248 
2553 
2392 
0632 
^Refer to Table 7 for schedule of collections 
CrgOs in feed considered-constant throughout the 
digestibility trial 
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Table 59. (Continued) 
Mutrients ^^2^3 
Cow Coll. Prot. E'E. C-F- N.F.E. D.K. Feces Feed 
3266 1 51.71 1.36 47.94 69,56 60,22 232 92 
3469 1 67.75 29.47 57.16 67.76 65.02 249 86 
(per cent) (nigv 
 
2 34 .63 -36.10 26.58 58.46 44.53 167 
3 48 .70 -2,53 35.34 65.45 54.07 199 
4 51 ^ U 5.46 33,82 68.04 54.47 204 
5 43 ,98 -18.91 31.43 62.11 49.54 184 
6 40 ,57 -10,20 13,90 58.50 42.27 160 
7 37 «26 -14.87 9,37 57.67 40.54 153 
8 43 ,47 12.3o 34.67 62.49 51.32 189 
9 23 .78 -30.39 16.47 52.12 37.91 147 
 
2 46 .34 -9.58 43.23 49.74 49.97 171 
3 54 .68 10,34 49.22 61.77 58.15 207 
4 58 .39 20,61 48.24 55.50 56.83 199 
5 64 ,29 21,55 46.13 60.71 59.38 210 
6° 41 ,96 -3.68 37.00 42.91 45.62 
7 54 .66 23.13 31.95 50.86 48.15 169 
8 61 .68 30.32 44.97 59.17 57.18 202 
9 50 .23 20,79 36.42 52.01 49.81 172 
1 58 ,94 29.10 42.51 61.13 54.90 249 
2 46 .54 57.43 28,90 53.86 45.41 204 
3 51 .02 26.50 44.92 66.77 57.50 258 
4 59 ,29 18.16 38,12 61.33 54.16 240 
5 49 .21 5.33 32.65 56.41 48.34 213 
6 50 .90 0,46 30.81 56.96 46.94 211 
7 51 ,33 -3.33 14.12 51.31 40.28 183 
6 62 .56 33.44 43.19 63.33 57.70 255 
9 47 .61 12,53 36.59 50.88 46.90 209 
1 69 ,50 15.76 34,38 61.27 54.57 203 
2 68 .78 15,35 33.35 60.98 53.83 202 
3 73 .65 41,34 44.56 66.65 61.72 241 
4 75 tt4"j) 41,62 49.42 64.99 63.65 252 
5 72 .73 38,94 51.26 64.91 63.50 252 
6 68 .82 18.29 37.48 55.41 54.27 201 
7 68 .94 28.88 42.40 62.43 58,11 220 
8 72 ,67 29.03 42.07 58.49 58.20 219 
9 70 ,93 31.19 38.79 58.51 56.02 213 
3440 . 110 
3272 . 6 . 92 
^Estimated values 
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Table 59. (Gontinuecl) 
Nutrients 
ill. Froi;. E.E. G.F. K.F.E. P •M' iy • i j. • Feces Feed 
(per cent) (rag./lOO g.) 
1 69.3? 7.57 62.48 64.25 65.76 277 96 p 66.05 -1.43 61.68 65.32 64.51 270 
3 57.01 -30.15 50.29 57.35 55.20 212 
4 57.72 -9.74 46.97 53.92 53.71 207 
5 61.10 -9.40 50.00 50.82 54.69 211 
6 60.15 -9,02 55.53 56-88 58 <49 230 
7 54.19 5.B4 42.69 50.34 51.60 195 
8 54 .15 -5. >rl 33.68 49.71 46.16 179 
9 56.5? -0.21 49.10 54.30 54.99 iil 2 
1 66.36 39 .92 51.84 70.87 64.05 263 94 
52.08 15.84 •3:4 > 21 66.13 56.65 217 
3 63.1? 25.91 44.75 67,66 59.99 235 
4 60.86 31.38 45.96 65.70 58.90 22? 
c o 59 .83 Jdo "55 42.75 64.61 59.36 230 
6 i>'c»59 12.78'^ 31.06 55.60 50.32 187 
7 59.68 28.89 46,70 65,71 59.37 231 
8 67.32 25.96 53.83 71.36 65,02 266 
9 55.27 12.83 40.90 63.49 54.50 210 
1 62.93 42.36 43.25 56.62 56.22 186 82 
2 59 .04 41.52 36.58 56.52 52.4? 171 
3 60.65 8.99 42.55 64.44 56.29 189 
4 59.02 15.03 40.37 58.56 53.85 177 
5 57.81 6.89 39.40 59.04 54.07 177 
6 55.01 -7.34 29.48 54.68 48.58 158 
7 53.06 -10.43 38.62 53.31 49.08 163 
8 59.08 42.25 42.71 60.19 54.85 IB? 
9 53 .96 56.33 49.10 55.48 54.59 185 
1 70.29 29.76 23.73 53.07 51.06 185 92 
0 70.81 23.89 29.21 60.10 57.77 205 
0 74.50 42.45 50.58 69.45 67.26 276 
4 71.21 43.04 48.45 57.61 61.27 234 
5 69.28 41.31 53.19 66.51 65.08 251 
6 67.01 28.62 26.51 57.67 53.39 194 
7 67.06 29.61 25.78 57.84 53.41 194 
8 74.97 42.89 42.02 5S.39 60 .46 230 
9 74.86 50.01 35.15 61.11 57.42 217 
3450 
3302 
3157 
2649 
°Estimated values 
Ta,ble 59. (C on tlnued) 
Cow Coll" Pi'ot. 
3263 
2500 
3444 
3597 
"^Estimated values 
Nutrients 
C>F. iv.F.E. 
(per cent) 
52, .52 39.12 67.52 
38 .18 35.29 t>2.30 
tj4 . 5S 3 b . b 0 68.53 
'62 .78 37.94 67.80 
30, .64 34.90 65.57 
£? 0 o5 33.18 60. ij 0 
21, 00 » V/ «./ 21.65 64.62 
35 .04 30.31 69.88 
47, .40 39.90 66.12 
42 .53 32.72 61.09 
36 .78 32.57 53.31 
43 .54 47.73 68 .06 
45 .43 50.89 64.20 
46 01; • 0 44.59 59.13 
43 .30 46.41 61.10 
.60 32.00 58.72 
38 .36 47.63 63 .44 
15 .42 33.40 55.70 
60 .56 60.16 69.32 
5"CU .06 59.81 68.61 
47 .43 52.89 67.89 
43 .38 51.76 65.29 
45* 30 50.80 65.81 
50 .78 59 .33 71.30 
45 .37 50.18 71.96 
45 • 99 46.86 65.98 
45 • 28 36.33 60. S7 
57 .17 40.17 70.14 
53 .33 32.59 65.72 
66 .50 54.48 69,99 
66 .50 54.48 69.99 
58 .84 49.53 69 .01 
57 .04 38.28 63.64 
29 .26 47.06 71.01 
45 .94 63.13 76.08 
38 .42 47.25 72.78 
Cr'2'^2 
D.H. Feces Feed 
(mg./lOO g.) 
65 .20 247 
60, .08 215 
61 .61 234 
62 .56 232 
59 .70 213 
57 .68 203 
55 .62 192 
61 .18 220 
62 .80 234 
55 .76 206 
51 .67 188 
63 .37 250 
62 .79 £45 
59 . 1^1 222 
60 .01 226 
U'-J .39 197 
61 .09 229 
49 .72 185 
68 .93 334 
65 .81 313 
64 .53 292 
63 .39 279 
62 .80 277 
67 .99 322 
65 .52 300 
62 .98 276 
56 .68 238 
60 .70 273 
55 .73 240 
66 .78 
66 .78 318 
64 .07 296 
57 .55 248 
62 .93 285 
71 .46 373 
65.06 307 
1 72.22 
0 1^ 00 • 
3 63.86 
4 64 .34 
5 59.43 
6 o5.04 
7 57.68 
8 60.53 
0 p-p 11;, V/ 00 • JUO 
1 60.76 
54.16 
3 65.67 
4 63.56 
5 62.89 
6 62.18 
7 58.78 
8 5i> .32 
0 w 48.41 
1 73.61 
rj 67.36 
3 66.17 
4 6'x. 9 2 
5 64.34 
6 66.42 
7 66.93 
8 66.76 
9 63.36 
1 73.02 
f J 69.51 
3^ 75.62 
4 75.62 
5 73.81 
6 68.57 
7 70.69 
6 78,06 
c 77.99 
Table 59. (Continued) 
Nutrients ^'^2^3 
Cow Coll. Prci. E.E. C.F. N-P.E. B.M. Fscss Feed 
3291 1 64.51 28.79 42-79 53.58 54.55 243 110 
3483 1 33.36 -12.77 -13.69 39.73 £5.82 150 112 
(per cent) (mg.; 
 .
.'"V 5? .39 -9.70 33.66 52.01 48.42 213 
3 '/U .04 17.66 56.50 70. 64 66.26 325 
4 73 . 38 !d9 .38 60.37 69.19 67.63 341 
5 67 .03 15.26 48.11 65.14 60.86 280 
6 68 • Oii k;1.41 59.04 66.16 65.43 317 
? 70 .96 28.99 55.10 65.02 64.65 309 
S 68 . 69 ol»u6 49.77 63.64 61.31 285 
9 62 .4 7 .J-X» 42.23 59.24 55.03 246 
 
'C 41 .16 -44.11 -26.55 25.78 18.33 135 
3 66 .07 -5.80 22.02 61.85 52.14 233 
4 66 .03 35.36 42.54 69.11 61.36 293 
5^ 65 .88 o2.3 0 37.90 62.22 57.19 
6 65 .74 29.34 00.26 55.32 53.03 241 
7 52 .07 24.95 14.91 51.12 43.75 200 
8 65 .64 40.62 36.81 70.95 59.53 279 
9 72 .04 57.34 50.75 72.09 67.00 341 
i 60 .05 18.62 40.25 50.32 50.82 233 
c 51 .57 9.62 37.97 51.75 48.62 222 
3 59 .97 8.45 36.12 53.45 50.86 230 
4 63 .91 26.58 39.13 55.05 53.25 244 
5 60 • 5o 21.09 40.21 54.47 52.76 241 
6 60 .66 18.97 35.77 54.12 51-34 234 
7 55 .06 23.26 36.73 52.95 50.39 227 
8 66 .77 47.02 46.46 63.05 59.53 283 
9 60 .63 11.89 41.90 57.11 53.78 249 
1 64 .25 56.61 51.79 73.76 67.51 310 
r. C 58 .09 42.88 30.88 65.97 57.32 238 
3 61 43.85 45.44 75.15 66.14 295 
4 64 .88 45.55 50.29 77.71 66.85 305 
b 53 • id 26.70 31.63 69.42 57.71 237 
6 52 .99 39.88 26.59 61.92 55.87 215 
7 49 .67 25.95 25.08 66.39 54.45 223 
8 63 .82 44.63 47.93 73.21 66.72 300 
o 55 .07 48.02 24.88 64.65 54.17 221 
3294 1 , 113 
101 
c Estimated values 
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Table 59, (Continuefi) 
Kutrlents ^^2^5 
Cow Coll. Pi'ot. S.E. G.P. K.F.E. D.M. Feces Feed 
3529 
3160 
2378 
2643 
(per cent) (n-ig./ 
1 70.39 66.35 50.23 79,41 71.66 396 
2 67.29 51.48 46,44 82,37 69,53 368 
3 68.45 57.02 52-05 79.03 70.45 383 
4 67.18 54.79 50.70 ^1,37 70.92 384 
5 66,32 37.57 45.73 77.90 67.49 357 
6 60»12 27.43 38.94 77.12 64 • 55 321 
7 56.31 40.90 44.00 GO. 13 63,86 362 
n 
O 53.22 43.58 45.29 77.21 67.71 348 
r. 61.34 41.30 27.39 74.63 61.65 290 
1 43.91 22.10 -3.03 41.64 36.76 165 
o 40.51 3.75 -15.83 51.59 39.74 175 
3 52.80 29.61 23.79 49.82 48.21 202 
51.32 28.47 3.34 46.47 42.30 182 
5 47.63 31.79 5.43 48.71 41.22 182 
6 &8.90 35.17 28.97 61.09 54.37 232 
7 59.52 51.42 34.33 67.30 59.60 260 
8 55.29 42.85 1C . 51.77 47.65 199 
9 46.15 35.60 13.-30 56.90 46. d4 ?.97 
1 56.52 44.01 30.13 70.65 59.09 262 
2 58 -10 41.38 40.26 73.96 62.87 288 
3 50.69 16.05 23.63 64 .98 53.69 228 
4 69,13 49.08 53.56 79.70 71,50 369 
5 61.02 43.58 33.17 78.16 64.90 301 
6 55.08 37.57 20.53 70.63 56.90 247 
7 68.56 38.83 25.25 73,08 59.82 262 
8 55.08 38.38 20.41 70.29 57.06 247 
9 56.72 43.54 I . J  k J  * ,<..0 65.25 t-/i • .X..V •"•'.•vX 
1 63.42 26.65 9.89 65.58 52.56 210 
k 56.07 16.08 24.58 63.20 52.88 210 
3 63.01 '38.8'.i 40.92 69.97 62.76 264 
4 56.89 35.20 28.20 63.58 55.67 onr, K • l" 
5 55.57 31.85 18.06 61.68 U. X .  4 'J \ J  205 
6 51.98 17.15 17.61 63.21 50.16 201 
7 57.84 37.24 -4.41 59.38 47.39 185 
8 57.91 38.01 12.96 58.88 50.11 200 
9 53.03 9.02 -0.27 56.64 45.02 179 
112 
105 
106 
QQ 
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Table 59. (Continued) 
Nutrients *^^2^3 
Cow Coll. Prot. E-E. C.F.' M-F-E. D-M. Feces Feed 
(per cent) (mg./lOO g.) 
3432 1 64.10 43.31 30.32 61.14 57.08 266 116 
2 59.69 36.74 15.20 55.00 49.87 228 
3 67.28 54.71 16.79 61.38 54.23 255 
4 68.52 43.67 22.98 62.22 56.84 265 
5 67.20 50.17 51-26 68.01 65.39 331 
6 62.00 26.06 23.63 59.47 53.32 249 
7 60.91 24.14 19.47 56.59 51.04 234 
8 65.41 36.77 30.65 64.54 57.76 276 
9 63.89 25.51 25.52 63.85 55.49 262 
2963 1 66.91 48.87 31.71 57.73 54.58 264 120 
2 63.79 40.73 28.90 50.12 49.74 240 
3 66.42 25.72 33.86 64.20 57.29 282 
4 66.77 48.63 36.14 63.14 57.75 285 
5 64.53 37.54 40.04 63.28 58.70 289 
6 64.20 42.37 31.17 58.52 54.50 263 
7 68.60 14.41 37.72 59.86 57.11 275 
8 65.80 20.67 39.67 60.08 57.31 281 
9 64.20 27.28 39.75 58.50 57.00 276 
3128 1 50.39 47.41 15.23 45.92 43.76 218 121 
2 46.53 41.i!i8 12.20 48.84 42.09 210 
3 60.58 39.08 17.80 51.12 49.04 235 
4 62.37 40.69 24.77 45.43 49.07 235 
5 59.50 34.73 28.59 43.05 48.08 232 
6° 56.26 26.88 10.04 40.27 42.06 
7 62.58 27.28 11.07 50.69 45.37 223 
8 60.92 42.52 22.46 58.38 52.52 258 
9 52.56 21.13 -3.97 45-14 40.18 200 
3439 1 66.98 32.23 40.20 65.15 59.59 307 124 
2 61.58 14.76 6.49 50.29 41.86 215 
3 69.08 28.96 35.56 66.43 58-68 304 
4 62-79 26.27 30.08 48.56 49.32 242 
5 58.33 17.07 28.27 56.01 49.95 248 
6 60.29 8.20 7.83 57.39 46.00 228 
7 68.34 37-44 41.93 67.35 61.08 322 
8 65.87 18.75 29.60 58.46 53.83 268 
9 64.86 26-19 18.77 55-16 49.41 245 
^Estimated values 
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Table 59, (Continuecl) 
Mutrlents CroO 2'^ 3 
Cow Coll. Prot. E.E. C.F. K.P.E. D-M- Feces Feed 
2982 
3 
4 
5 
6 
7 
8 Q 
74.76 
67 .22  
81 • 23 
65.90 
68.89 
70.08 
71.51 
66.95 
66.05 
(per cent) 
51.10 
56.34 
65.75 
65.75 
37.07 
58.86 
61.05 
66.67 
48.56 
28.13 
20.05 
45.11 
27.31 
44.01 
24.82 
24.45 
32.54 
4.77 
47.77 
51.47 
63.43 
59.60 
71.70 
62.07 
66.57 
56.03 
55.28 
55.13 
51.80 
64.82 
57.98 
65.79 
58.85 
61.35 
58.05 
50.85 
(mg./lOO g.) 
223 
216 
238 
247 
304 
252 
270 
248 
212 
104 
2976 1 
2 
3 
4 
5 
6 
7 
8 
9 
71.52 
70.00 
75.18 
75.63 
78.36 
72.89 
73.45 
69.44 
69.59 
49.50 
17.54 
30.84 
42.75 
51.83 
31.78 
31.84 
42.85 
33.25 
18.87 
2.46 
18.85 
27.99 
33.39 
15.86 
0.81 
-5.15 
1.48 
56.46 
63.75 
71.23 
65.35 
62.70 
72.48 
66.11 
48.96 
57.58 
57.31 
55.29 
64.50 
63.97 
63.27 
63.40 
58.44 
47.97 
51.96 
248 
238 
298 
293 
291 
289 
255 
206 
224 
107 
3538 
3 
4 
5 
6 
7 
8 
9 
70.05 
62.66 
60.13; 
63.12 
57.38 
61.20 
68.37 
70.27 
69 .02 
64.51 
51.67 
51.55 
53.94 
47.10 
51.06 
63.33 
65.46 
53.33 
26.34 
19.63 
8.96 
17.68 
9.78 
8.71 
14.69 
32.71 
32.18 
76.97 
74.96 
69.87 
71.79 
68.85 
69.11 
76.46 
77.72 
78.91 
67.84 
63.89 
59.32 
61.76 
57.72 
58.63 
65.38 
69.39 
69.33 
385 
341 
301 
324 
295 
500 
35B 
404 
401 
123 
3142 
2 
3 
4 
5 
6 
7 
8 
80.11 
80.00 
82.58 
79.57 
79.05 
77.11 
78.02 
82.87 
76.83 
45.43 
57.76 
59.59 
52.65 
70.56 
48.27 
56.70 
64.83 
64.89 
35.09 
38.74 
56.38 
49.31 
62.17 
29.69 
25.36 
43.46 
25.74 
72.64 
73.47 
78.48 
73.28 
84.18 
68.77 
68.38 
76.15 
64.33 
69.03 
69.73 
76.38 
71.69 
78.82 
64.96 
64.59 
73.50 
62.55 
385 
393 
503 
421 
559 
338 
33 7 
447 
318 
119 
195 
T ab1e 59. (Co n tinu ed) 
3516 
3174 
Nutrients ^^2^3 
Cow Coll. pr-ot. E.E. C.F. N-F-E. D-M. Feces Feed 
3493 
2606 
(per cent) (mg./lOO g.) 
1 75.67 41.97 -3.53 63.95 57.15 301 129 
E 80.99 58.20 5.22 70.20 62.99 348 
3 81.64 59.89 38.20 80.77 74.46 503 
4 76,91 65.03 29.10 67.34 66.13 381 
5 74,82 61.45 18.97 58.80 59.20 314 
6 75.05 50.48 5.31 56.29 54.54 283 
7 75.45 56.09 -14.92 56.23 52.00 266 
8 77.52 66.04 6.66 63.53 59.93 322 
9 78.29 75.33 22.48 71.80 65.07 370 
1 66.08 65.02 -5.00 76.07 62.85 370 137 
2 61.86 41.51 -21.89 68.25 54.59 300 
3 65.23 42.01 13.26 74.82 64.60 381 
4 60.99 45.98 -8.17 60.44 52.74 289 
5 57.11 25.35 2.50 57.83 50.15 275 
6 54.09 ic3 • 38 -31.53 62.88 45.99 253 
7 54.97 52.18 65.35 61.24 40.07 231 
8 69.89 70.63 17.67 77.51 66.81 413 
9 59.91 54.60 -8.64 69.54 55.88 315 
1 73.28 59.29 10.55 66.57 58.60 356 138 
2 68.95 63.55 4.21 63.54 57.51 325 
3 76.88 75.04 27.69 73.84 68.73 444 
4 76.92 73.43 45.78 80.84 74,97 551 
5 71.85 72.75 24.99 69.46 64.97 393 
6 72.03 76.48 15.64 67.49 62.12 367 
7 71.25 75.55 -4.67 62.45 56.19 316 
8 74.46 70.04 49.68 87.38 75.02 553 
9 62.48 36.31 -23.94 57.44 47.70 261 
1 82.16 59.30 35.54 77.08 71.56 473 134 
2  73.08 30.11 -0.37 56.17 53,45 283 
5  85.32 58.84 46.21 80.01 75.71 553 
4 82.00 58.23 39.16 76.21 72.06 479 
5 78.85 53.05 35.75 71.87 68.36 425 
6 78.28 59.18 25.88 71.81 66.27 397 
7 78.66 46.53 17.41 67.78 62.80 359 
8° 80.48 41.73 33.94 76.06 68.08 
9 74.08 27.61 9.34 63.40 56.13 308 
^Estimated values 
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Table 59. (Continued.) 
KuXi'ienta 2 3 
Cow Coll. Prot. E.E. C.F. K.F.S. D-l-i- Feces Feed 
(per cent) (mg./lOO g.) 
1 75.40 73 .61 45 .53 75 .77 73.09 523 Q 73.34 49 .98 37 .£2 76 .04 70.10 473 
3 75.51 65 .49 33 .35 72 .79 69.45 464 
4 77.30 56 .47 38 . 55 75 .08 71.56 494 
5 75.76 48 .07 39 .98 77 .81 72.46 512 
6 75.65 54 .79 41 .67 78 .49 72.93 522 
? 76.92 67 ,99 46 n f; 77 .69 74.70 558 
8 77.76 65 .15 49 .31 75 .11 73.75 540 
9 73.27 56 .30 58 .95 83 .04 76.52 604 
